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(54) FLUORESCENT OR PHOSPHORESCENT COMPOSITION 



(57) A fluorescent or luminous composition, com- 
prising a multilayered film-coated powder having at least 
two coating films on a base particle, and a fluorescent 
or luminous substance; the composition, wherein at 
least one layer of the coating films contains the fluores- 



cent or luminous substance; a genuine/counterfeit dis- 
crimination object, in which the fluorescent or luminous 
composition; and a genuine/counterfeit discrimination 
method, comprising recognizing fluorescence or lumi- 
nescence by irradiating, with a light, the genuine/coun- 
terfeit discrimination object. 
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Description 

TECHNICAL FIELD 

[0001] The present invention relates to a fluorescent 
or luminous composition. More particularly, the present 
invention relates to a fluorescent or luminous composi- 
tion having both of color and fluorescence or lumines- 
cence, which is useful for preventing counterfeit when it 
is fonnulatecl to an Ink, a filler, and a toner for printing 
or coating. 

BACKGROUND ART 

[0002] It Is Icnown that coating of powder surface with 
a film of other substance improves the quality of the 
powder or imparts multiplicity to the quality, and a variety 
of methods for achieving the purposes have been hith- 
erto proposed. 

[0003] Examples of known coating techniques of 
forming films on substrate surfaces for their protection 
or decoration include many methods, such as a coating 
method, a precipitating method, a sputtering, a vacuum 
deposition method, an electrodeposrtion method, and 
an anodic oxidation method. However, it is difficult to 
have a uniform thickness by the coating method or pre- 
cipitating method, and it is also difficult to obtain a thick 
film by the sputtering or vacuum deposition method. Fur- 
thermore, the eiectrodeposition method and the anodic 
oxidation method possess a problem that these meth- 
ods are difficult to apply to the treatment of powder be- 
cause they use a substrate to be treated as an electrode. 
[0004] With the progress In various technical fields, 
there is an increasing demand for a powder, especially 
a metal powder or metal compound powder, possessing 
a specific property, and a powder with combined func- 
tions having a property other than the properties inher- 
ent only in a powder, especially a metal powder or metal 
compound powder is desired. 

[0005] For example, in a magnetic metal powder for 
use as a raw material for a magnetic color toner, the 
magnetc metal powder cannot be used if the color 
thereof remains as it is, although this does not arise a 
problem in conventional black magnetic toners. Any 
conventionally known coated powder obtained by form- 
ing a thin metal oxide film on the surtace of a powderfor 
the purpose of surface modification, such as the protec- 
tion of the powder or the facilitation of mixing the powder 
with a synthetic resin or the like does not satisfy the new 
requirements in such fields. From this viewpoint, it is 
necessary to provide a powder having a novel constitu- 
tion that is not seen In any conventional powder 
[0006] As a useful method for forming a metal oxide 
in order to provide a powder, especially a metal powder 
or metal compound powder having combined properties 
satisfying the above new requirements and capable of 
realizing combined functions, there is disclosed a pow- 
der having a metal oxide film of a uniform thickness of 



0.01 to 20 urn comprising a metal different from the met- 
al constituting the base material of a metal or metal com- 
pound on the surface of the base material, the metal ox- 
ide film being fomied by dispersing a metal powder or 

5 a metal compound powder in a metal alkoxide solution 
and hydrolyzing the metal alkoxide (JP-A-6-228604). 
[0007] At the powder, when at least two layers of the 
above metal oxide film are formed, a special function 
can be imparted by controlling the thickness of each lay- 

10 er of the films. For example, when coating films having 
different refractive indexes are formed on the base ma- 
terial surface in a thickness corresponding to one-fourth 
the wavelength of an incident light, all the light is reflect- 
ed. The application of this technique to a base material 

15 of a magnetic material, such as powder of a metal in- 
cluding iron, cobalt, nickel, etc., powder of an alloy 
thereof, or powder of iron nitride, can afford a magnetic 
powder for magnetic toner which reflects all the light and 
glitters with a white color. Furthermore, it is disclosed 

20 that a magnetic color toner is obtained by fonning a 
colored layer on the powder and then a resin layer ther- 
eon (JP-A-7-90310). 

[OOOS] Moreover, it was found that the control of the 
combination of the substances constituting the multilay- 

25 ered film and the thickness can adjust the waveform of 
Interference of the reflected light at the multilayered film- 
coated powder, and there is disclosed a multilayered 
film having a stable color tone during a long period stor- 
age without using any dye or pigment (WO 96/28269). 

30 [0009] The inventors have tried to develop a highly 
functional metal or metal compound powder by impart- 
ing another property other than the properties Inherent 
in a metal or metal compound powder which is used as 
a base material, through the formation of af ilm of a metal 

35 oxide or a metal on the surtace of a metal powder or a 
metal oxide powder. 

[0010] in color printing or magnetic color printing for 
gift checks, ticket cards and the like, a special function 
for preventing the counterfeit other than visual or mag- 

40 netic reading is required in addition to elegant coloring. 
For the purpose of answering such a trend, there is dis- 
closed a color ink composition exhibiting an beautiful 
and stable color tone of blue, green, yellow or the like 
without using any dye or pigment through adjustment of 

45 the interference waveform of a reflected light at the 
above multilayered film, and having a function capable 
of enhancing the counterfeit-preventive effect of printed 
articles according to a mode other than visual or mag- 
netic reading through the combined use of a reader for 

so ultraviolet ray or infrared ray because of the existence 
of an interference reflection peak outside the visible light 
region besides the visible light region ( J P- A- 10-60350). 
[001 1 ] However, with the above color ink composition, 
an instrument for inspection is necessary because gen- 

55 uine/counterfeit is judged in combination with a reader 
for a reflected light of ultraviolet light or infrared light. It 
is inevitable to have a function which enables an easy 
genuine/counterfeit discrimination and further enhanc- 
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es the counterfeit-preventive effect of printed articles ac- 
cording to a new mode, and therefore, there exists a ne- 
cessity of improvennent. 

DISCLOSURE OF THE INVENTION 5 

[001 2] Accordingly, an object of the present invention 
is to solve these problems, and to provide a fluorescent 
or luminous composition which not only is useful as an 
ink for color printing and coating of a monochromatic, 
beautiful and stable colortone, such as blue, green, yel- 
low, or the like, a filler for papers or plastics, a coating 
material and an ink for high performance magnetic color 
printing, but also has a function enhancing a counterfeit- 
preventive effect of printed articles through enabling the 
genuine/counterfeit discrimination according to a con- 
venient mode, for example, the in-adlation with a fluo- 
rescent lamp in a room or a light source, such as ultra- 
violet lamp or infrared lamp, without using any new in- 
strument for inspection. 

[0013] Namely, the present invention relates to the fol- 
lowing (1)to(10), 

(1 ) A fluorescent or luminous composition, compris- 
ing a multilayered film-coated powder having at 
least two coating films on a base particle, and a flu- 
orescent or luminous substance. 

(2) The fluorescent or luminous composition ac- 
cording to the above (1), wherein at least one layer 
of the coating films contains the fluorescent or lu- 
minous substance. 

(3) The fluorescent or luminous composition ac- 
cording to the above (1), wherein the multilayered 
film shows a light interference action. 

(4) The fluorescent or luminous composition for 
counterfeit prevention according to the above (1), 
wherein the multilayered film shows a specific inter- 
ference reflection peak or interference transmission 
bottom in a region besides the visible light region. 

(5) The fluorescent or luminous composition ac- 
cording to the above (1), wherein the base particle 
is a magnetic particle. 

(5) The fluorescent or luminous composition ac- 
cording to the above (1), which further contains a 
coloring agent. 

(7) A genuine/counterfeit discrimination object, in 
which the fluorescent or luminous composition ac- 
cording to any one of the above (1 ) to (6) is adhered 
or contained. 

(8) A genuine/counterfeit discrimination method, 
comprising recognizing fluorescence or lumines- 
cence by irradiating, with a light, the genuine/coun- 
terfeit discrimination object according to the above 
(7). 

(9) The genuine/counterfeit discrimination method 
according to the above (8), wherein said method is 
combined with discrimination with at least one se- 
lected from magnetism, an electric field and an elec- 



tron beam. 

(1 0) Use of the fluorescent or luminous composition 
according to any one of the above (1 ) to (6) for gen- 
uine/counterfeit discrimination. 

BRIEF EXPLANATION OF THE DRAWINGS 

[0014] 

Fig. 1 is a graph showing a spectral reflectance 
curve of the fluorescent pigment composition ob- 
tained in Example 1. 

Fig. 2 is a graph showing a fluorescent spectra! re- 
flectance curve of the fluorescent pigment compo- 
sition obtained in Example 1 . 
Fig. 3 is a graph showing a spectral reflectance 
curve of the luminous pigment composition ob- 
tained In Example 3. 

Fig. 4 is a graph showing a luminous spectral re- 
flectance curve of the luminous pigment composi- 
tion obtained in Example 3. 

Fig. 5 Is a graph showing a spectral reflectance 
curve of the fluorescent pigment composition ob- 
tained in Example 7. 

Fig. 6 is a graph showing a fluorescent spectral re- 
flectance curve of the fluorescent pigment compo- 
sition obtained in Example 7. 
Fig. 7 is a graph showing a spectral reflectance 
curve of the luminous pigment composition ob- 
tained in Example 11 . 

Fig. 8 is a graph showing a luminous spectral re- 
flectance curve of the luminous pigment composi- 
tion obtained in Example 11 . 

BEST MODE FOR CARRYING OUT THE INVENTION 

[001 5] As a result of the extensive studies, the present 
inventors have found that a pigment exhibiting a beau- 
tiful stable color tone of blue, green, yellow, or the like, 
even when it is used solely can be obtained by fomiing 
multilayered thin films having different refractive index- 
es on the surface of a powderto adjust the reflected light 
interference waveform of the multilayered film and mix- 
ing the powder with pigment fine particles emitting fluo- 
rescence or luminescence having a color the same as 
or different from the own color, or by incorporating, Into 
at least one layer of the multilayered film, a pigment 
emitting fluorescence or luminescence having a color 
the same as or differentf rom the own color or by forming 
a layer (film) of a fluorescent or luminous substance 
which does not participate in light interference, and at 
the same time, counterfeit prevention is enabled by sim- 
ply discriminating presence of fluorescence or lumines- 
cence on a printed article. Base on these findings, the 
present invention has been accomplished. 
[0016] Furthermore, they also found that various 
types of materials, such as a dielectric material or an 
electric conductor can be utilized as the base material 
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of the above powder, and even when a magnetic nnate- 
rial is used as the base material, the multilayered film- 
coated powder having a vivid color and fluorescence or 
luminescence can be obtained without deteriorating the 
magnetism. 

[0017] As described above, the fluorescent or lumi- 
nous composition of the present invention is useful as 
an ink for color printing and coating, a filler for papers 
or plastics, or a coating material. When a magnetic ma- 
terial is used as the base material, the composition is 
also employable as a color material of the ink for high 
perfonnance magnetic color printing, and is capable of 
enhancing a counterfeit-preventive effect of printed ar- 
ticles since it possesses combined discriminating func- 
tions with eight types, i.e., visible light, non-visible light 
(ultraviolet region and infrared region), fluorescence or 
luminescence and magnetism, dielectrics (change of 
electric field), and electron beam and X-ray. 
£0018] The base material of the multilayered film- 
coated powder to be used in the present invention is not 
particularly limited, and powders having various proper- 
ties, such as magnetism, di electricity, and conductivity, 
can be used. With regand to the kind of materials, a wide 
variety of substances, such as metals, metal com- 
pounds, organic substances, inorganic substances, and 
the like can be used. 

[0019] The metals may be metals, such as transition 
metals including iron, nickel, chromium, titanium, cobalt, 
copper, aluminum, and the like; rare earth metals includ- 
ing neodymium, yttrium, and the like; or alloys thereof, 
such as alloys of the above metals including iron-nickel, 
iron-cobalt alloys, and the like. Furthermore, examples 
include iron-nickel alloy nitrides and iron-nickel-cobalt 
alloy nitrides; metal oxides, such as oxides of iron, nick- 
el, chromium, titanium, aluminum, silicon (in this case, 
silicon Is classified into metals), and the like; oxides of 
alkaline earth metals, such as calcium, magnesium, bar- 
ium, and the like, composite oxides thereof; clays; glass- 
es; and the like. 

[0020] In the present Invention, since its one object is 
to produce a powder having also magnetism, such as a 
magnetic color toner or a magnetic color ink, it is pref- 
erable to use a ferromagnetic material as the base ma- 
terial of the multilayered film-coated powder in the fluo- 
rescent or luminous composition of the present inven- 
tion. The ferromagnetic material may be a metal having 
a large magnetic susceptibility, for example, a transition 
metal, such as iron, nickel, chromium, titanium, cobalt, 
copper, aluminum, or the like; a rare earth metal, such 
as neodymium, yttrium, orthe like; or an alloy of the met- 
als. Also, ferromagnetic oxides or ferromagnetic alloys, 
such as magnetite, Baferrite, Srferrite, y-hematite, co- 
balt ferrite or mixed ferrites thereof can be used, 
[0021] The organic substances are preferably resin 
particles. Specific examples thereof include cellulose 
powders, cellulose acetate powders, polyamides, epoxy 
resins, polyesters, melamine resins, polyurethanes, vi- 
nyl acetate resins, silicone resins, and spherteal or pul- 



verized particles obtained by the polymerization or co- 
polymerization of acrylic esters, methacrylic esters, sty- 
rene, ethylene, propylene, and derivatives thereof. Par- 
ticulariy preferred resin particles are spherical acrylic 
5 resin particles obtained by the polymerization of an 
acrylic or methacrylic ester. 

[0022] Usable as the inorganic substances are Inor- 
ganic hollow particles, such as Shirasu balloons (hollow 
silicic acid particles) and the like, fine hollow cariDon 

10 spheres (Kureca Sphere), fused alumina bubbles, aer- 
osil, white cartoon, fine hollow silica spheres, fine hollow 
calcium carbonate spheres, calcium carbonate, peari- 
ite, talc, bentonite, kaolin, mica, synthetic micas, glass 
beads, and the like. 

15 [0023] Examples of the shape of the core powder par- 
ticle include isotropic shapes, such as sphere, neariy 
spherical shapes, regular polyhedrons, and the like; and 
polyhedrons, such as rectangular parallelepipeds, 
spheroids, rhombohedrons, plates, acicular shapes 
^0 (cylinders and prisms), and the like. Also usable are 
powders of completely irregular shapes, such as pulver- 
ized particles and the like. 

[0024] The particle size of the base material is not par- 
ticulariy limited but Is preferably in the range of 0.01 |im 

25 to several millimeters. 

[0025] In the present invention, coloring is effected 
with an interference color caused by coating the base 
particle with at least two coating layers which differfrom 
each other in refractive index and which each has asuit- 

30 ably selected refractive index and a suitably selected 
thickness. 

[0026] The material for constituting each coating layer 
is preferably selected freely from inorganic metal com- 
pounds, metals or alloys, and organic substances. 

35 [0027] Typical examples of the inorganic metal com- 
pounds which may constitute the coating layers include 
metal oxides. Specific examples thereof include oxides 
of Iron, nickel, chromium, titanium, aluminum, silicon, 
calcium, magnesium, barium and the like, or composite 

40 oxides thereof. Examples of the metal compounds other 
than metal oxides include magnesium fluoride, metal ni- 
trides, such as iron nitride and the like, and metal car- 
bides. Examples of the elemental metals which may 
constitute the coating layers include silver metal, cobalt 

^5 metal, nickel metal, palladium metal, iridium metal, plat- 
inum, gold, iron metal, andthe like. Examples of the met- 
al alloys Include alloys, such as silver-Indium, palladi- 
um-platinum, silver-palladium, platinum-palladium, and 
the like. 

>o [0028] The organic substances which may constitute 
the coating layers are not particularly limited, and may 
be the same organic substance as that constituting the 
base material or different organic substances, but resins 
are preferred, Specific examples of the resins include 

>5 cellulose, cellulose acetate, polyamides, epoxy resins, 
polyesters, melamine resins, polyurethane resins, vinyl 
resins, silicone resins, and polymers or copolymers of 
acrylic esters, methacrylic esters, styrene, ethylene, 
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propylene, and derivatives thereof. 
[0029] Altliough various materials can be used as the 
materials for constituting the coating layers, a suitable 
combination of materials should be selected according 
to applications while taking account of the refractive in- 
dex of each coating layer. 

[0030] The particle size of the multilayered film-coat- 
ed powder according to the present invention is not par- 
ticularly limited, and can be suitably regulated according 
to purposes. However, the size is generally in the range 
of 0.01 ^m to several millimeters. 
[0031] In the present invention, it is possible to fomi 
a coating film having a film thickness of the range of 5 
nm to 1 0 fim at one film fomnation, which is thicker than 
the thickness obtained by a conventional method. 
[0032] The total thickness of the coating films which 
are fon-ned at two or more times is preferably 1 0 nm to 
20 \m for the formation of coating films having good re- 
flectance caused by the interference In the above-de- 
scribed color powder, and more prefen-ed is the range 
of 20 nmto5|xm. For causing the interference reflection 
of visible light at particularly thin film thickness, e.g., 
when the particle size is limited, the total thickness is 
preferably In the range of 0.02 to 2.0 pm. 
[0033] The unit coating layers constituting the above 
at feast two coating layers have film thickness deter- 
mined so that the layers have interference reflection 
peaks or interference transmission bottoms at the same 
specific wavelength. More preferably, the thickness of 
each unit coating layer is determined by fixing the basic 
film thickness thereof which satisfies the following equa- 
tion (1): 



N X d = m X X/4 



(1) 



(wherein N represents a complex refractive index; d rep- 
resents a basic film thickness; m represents an integer 
(natural number); X represents a wavelength at which 
an interference reflection peak or interference transmis- 
sion peak appears; and N is defined by the following 
equation (2): 



N = n + iic 



(2) 



(wherein n represents a refractive index of each unit 
coating layer; i represents a complex number; and k rep- 
resents an extinction coefficient)), and correcting the ac- 
tual thickness of the unit coating layers based on the 
functions consisting of the phase shift caused by the ex- 
tinction coefficient k of the refractive index, the phase 
shift occurring at film interfaces, and the peak shift at- 
tributable to refractive index dispersion and particle 
shape so that the unit coating layers have interference 
reflection peaks or interference transmission bottoms at 
the same specific wavelength as described above. 
[0034] For forming the films, the following methods 



can be used according to the substances to be formed. 
However, other methods can be used. 

(1) Formation of Organic Substance Film (Resin Film) 

5 

a. Polymerization in Liquid Phase 

[0035] For example, a method wherein particles serv- 
ing as base material are dispersed and emulsion polym- 
10 erization is conducted to form a resin film on each par- 
ticle can be used. 

b. Film Fomiation in Vapor Phase (CVD) (PVD) 
'5 (2) Formation of Inorganic Metal Compound Film 

a. Solid Deposition in Liquid Phase: 

[0036] A preferred method is to disperse particles 
20 serving as base material into a metal alkoxide solution 
and hydrolyze the metal alkoxide to thereby form a metal 
oxide film on particles. This method can fomn a dense 
metal oxide film. It is also possible to react an aqueous 
solution of a metal salt to thereby form a film of a metal 
25 oxide or the like on particles. 

b. Film Formation in Vapor Phase (CVD) (PVD) 
(3) Formation of Metal Film or Alloy Film 



30 



a. Reduction of Metal Salt in Liquid Phase 



[0037] The so-called chemical plating method is em- 
ployed, wherein the metal salt contained in an aqueous 
35 metal salt solution is reduced to deposit the metal to 
thereby form a metal film. 

b. Film Formation in Vapor Phase (CVD) (PVD) 

40 [0038] A metal film can be f omried on the surface of 
particles, for example, by the vapor deposition of a met- 
al. 

[0039] In the fluorescent or luminous composition of 
the present invention, the coating layer having a fluo- 

45 rescent or luminous substance (hereinafter, referred to 
as a "fluorescent or luminous layer") means a layer im- 
parting fluorescent or luminous property to the above 
multilayered film-coated powder. The substance to be 
contained in the fluorescent or luminous layer is not par- 

50 ticularly limited as long as it has a fluorescent or lumi- 
nous property for the above multilayered film-coated 
powder, i.e., a property of emitting easily recognizable 
fluorescence or luminescence by the irradiation with ul- 
traviolet light or visible light. However, preferred is a flu- 

55 orescent or luminous substance which can retain the flu- 
orescent or luminous property for a long period of time. 
[0040] The fluorescent substance means a substance 
which is temporarily excited by an electromagnetic wave 
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(light) having a specific wavelength and emits a light (es- 
pecially, visible light) having a specific wavelength, and 
which does not emit without light source. 
[0041] The fluorescent substance to be used for the 
above fluorescent layer is a fluorescent dye or a fluo- 
rescent pigment which is a generic term of a dye emitting 
fluorescence caused by absorbing an external energy, 
and which exhibits a photoluminescent color since fluo- 
rescence having approximately the same wavelength 
as that of the color of the dye is added to the own color. 
Examples include C.I. Acid Yellow 7 of a yellow acid dye 
emitting green fluorescence, C.I. Basic Red of a red ba- 
sic dye emitting yellow to orange fluorescence, and the 
like. 

[0042] Specific examples of the fluorescent sub- 
stance to be used in the above fluorescent layer include 
the following but the present invention is not limited to 
these specific examples. 

[0043] Specifically, for example, examples of organic 
fluorescent dyes include uranine, eosin, diaminotyl- 
bene, Thioflavine T Rhodamine B, International Or- 
ange, and the like, and example of inorganic fluorescent 
dyes include calcium tungstate, lead-containing barium 
silicate, europium-containing strontium phosphate, 
europium-containing yttria, cerium-containing yttria, 
zinc sulfide containing one or more of copper or silver, 
tin, manganese, arsenic, aluminum, and cadmium, 
manganese-containing magnesium gallate, magnesi- 
um fluoride, calcium fluoride, oxygen-deficient zinc ox- 
ide, europium-containing zinc oxide, cerium-containing 
zinc oxide, cesium-containing zinc oxide, manganese or 
arsenic-containing zinc silicate, bismuth-containing 
cadmium zinc sulfide, bismuth-containing strontium cal- 
cium sumde, and the like. 

[0044] The luminous substance is a substance which 
can store light energy and continues the emission with- 
out light source after the in-adiation with sunlight, a flu- 
orescent lamp, or the like, and which emits a light having 
a specific wavelength for a certain period of time (sev- 
eral tens seconds to several tens hours). 
[0045] Since a long time ago, metal sulfides are 
known as the luminous substances (phosphorescent 
materials). Examples thereof include CaS:Bi (Bi con- 
taining CaS) (purple-blue emission), CaSrS:Bi (Bi con- 
taining CaSrS) (blue emission), ZnS:Cu (Cu containing 
ZnS) (green emission), ZnCdS:Cu (Cu containing 
ZnCdS) (yellow to orange emission), and the like, and 
these are used in a luminous watch, an escape guiding 
sign, other night displays for indoor use, and the like. 
[0046] Specific examples of the luminous substance 
to be used In the above luminous layer are shown below, 
but the present invention Is not limited to these exam- 
ples. 

[0047] The luminous (light-storing) pigment Is the one 
wherein a luminous property is imparted to a pigment, 
such as zinc sulfide by the addition of an activator, such 
as copper, manganese, .mercury or the like. Examples 
thereof Include powder of sulfides containing a trace 



amount of a metal, such as ZnCdS:Cu (Cu containing 
ZnCdS). CaS:Bi (BI containing CaS). CaSrS;Bi (Bi con- 
taining CaSrS) and the like, and those obtainable by 
adding a rare earth metal, such as Eu. Dy or the like to 
5 oxides and salts, such as AI2O3. SrCIs, and BaCOg, al- 
kaline earth metal aluminates, such as SrAlgO^, 
CaAl204, and the like, which exhibit a longer emission 
period and emit green, blue, yellow, or orange light. 
[0048] In the fluorescent or luminous composition of 
10 the present invention, the constitution of the fluorescent 
or luminous substance and the above multilayered film- 
coated powder may be (1 ) an embodiment wherein the 
substance is adhered to the surface of the multilayered 
film-coated powder, (2) an embodiment wherein the flu- 
^5 orescent or luminous substance and the multilayered 
film-coated powder are mixed In a dry state in advance 
and the fluorescent or luminous substance is adhered 
to the surface of the multilayered film-coated powder, 

(3) an embodiment wherein the multilayered film-coated 
20 powder and the fluorescent or luminous substance is 

dispersed in the fluorescent or luminous composition, 
and the like. Alternatively, the fluorescent or luminous 
layer may be fornied at any one of the following places: 

(4) on the surface of base particle of fluorescent or lu- 
25 minous multilayered film-coated powder, (5) In the co- 
herent multilayered coating films formed on the surface 
of a base material, or (6) on the surface of the multilay- 
ered film-coated powder. 

[0049] As mutual embodiments (1 ), (2). and (3) of the 
30 constitution of the fluorescent or luminous substance 
and the multilayered film-coated powder, the following 
methods are exemplified. 

[0050] (1) A method of mixing the multilayered film- 
coated powder and the fluorescent or luminous sub- 
35 stance (fluorescent or luminous particles having a par- 
ticle size smaller than that of the particles of the multi- 
layered fllm-coated powder) dispersed in a solvent, and 
adhering them through hetero-coagulation. 
[0051] (2) A method of preparation by mixing fluores- 
40 cent or luminous particles having a particle size smaller 
than that of the particles of the multilayered film-coated 
powder In dry conditions. 

[0052] In the above two methods, the resulting pow- 
der is preferably subjected to heat treatment, if neces- 
sary. 

[0053] Moreover, the fluorescent or luminous sub- 
stance adhered to the surface of the multilayered film- 
coated powder preferably remains adhered to the pow- 
der. However, the fluorescent or luminous substance 
50 may be separated and dispersed in the fluorescent or 
luminous composition. At the application wherein it is 
essential to recognize the property of the multilayered 
fllm-coated powder and the property of the fluorescent 
or luminous substance among the applications for coun- 
55 terfeit prevention and the like, it is more prefen-ed that 
both of the substance and the powder are integrated. 
The reason Is that more complicated counterfeit preven- 
tion Is possible by using the fluorescence or lumines- 
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cence or emission property and other functions of the 
multilayered film-coated powder, separately. 
[0054] Furthermore, in order not to hide the color of 
the multilayered film-coated powder, the substance is 
preferably white and transparent or near white and 
transparent as far as possible, or has a color the same 
as that of the multilayered film-coated powder. However, 
this does not apply when multilayered film-coated pow- 
der is colored to the other color by the fluorescent or 
luminous substance, 

[0055] (3) In the method of dispersing the fluorescent 
or luminous composition in which the multilayered film- 
coated powder and the fluorescent or luminous sub- 
stance is dispersed, using the multilayered film-coated 
powder and the fluorescent or luminous substance of 
the above (1) or (2), as the dispersing.medium, hitherto 
known varnish used for color printing or magnetic color 
printing can be used and, for example, a liquid polymer, 
a polymer or monomer dissolved In an organic solvent, 
or the like can be freely selected and used according to 
the kind of the powder, the application method of ink, 
and the uses. 

[0056] By the way, in the fluorescent or luminous com- 
position of the above (3) which is a dispersion in a dis- 
persing medium, the multilayered film-coated powder 
and the fluorescent or luminous substance are sepa- 
rately dispersed in the dispersing medium. 
[0057] The following three methods can be used for 
the constitutions of the fluorescent or luminous layers of 
the above (4). (5). and (6). 

[0058] (4) A layer comprising the fluorescent or lumi- 
nous substance as the main component is formed and 
the fluorescent or luminous layer participates in the in- 
terference of visible light. 

[0059] (5) A layer comprising the fluorescent or lumi- 
nous substance as the main component is fomied and 
the fluorescent or luminous layer does not participate In 
the interference of visible light (it is preferable not to re- 
duce the effect of the interference of visible light). 
[0060] (6) A layer containing the fluorescent or lumi- 
nous substance dispersed in the coating film which par- 
ticipates in the interference of light. 
[0061] The following methods may be mentioned as 
the outline of the methods of fomnlng the fluorescent or 
luminous layers of the above (4), (5), and (6). 
[0062] (4) When a layer comprising the fluorescent or 
luminous substance as the main component is formed 
and the fluorescent or luminous layer participates in the 
interference of visible light, using a high refractive index 
layer or a low refractive index layer selected based on 
the refractive index, a film colored by the occurrence of 
interference reflection of visible light and emitting fluo- 
rescence or luminescence at the same time is formed 
by designing the refractive index and the film thickness 
so as to satisfy the light-interference conditions. 
[0063] The fonnation of the film is carried out by a 
solgel method or a method utilizing the precipitation to 
the surface, e.g., a solid layer precipitation from an 



aqueous solution. 

[0064] The resulting powder is preferably subjected 
to heat treatment, if necessary. When the film material 
tends to thermally decompose, it is preferred to form the 

5 fluorescent or luminous layer as the outemnost layer. 
[0065] (5) When the layer comprising the fluorescent 
or luminous substance as the main component is 
formed and the fluorescent or luminous layer does not 
participate in the interference of visible light, the f luores- 

10 cent or luminous substance film is fomned as a sufficient- 
ly thin film so as not to occur the interference at the out- 
ermost layer. In this case, the fluorescent or luminous 
substance film may be a film comprising fine particles. 
[0066] The fomnation of the film is carried out by a 

15 solgel method or a method utilizing the precipitation to 
the surface, e.g., a solid layer precipitation from an 
aqueous solution. 

[0067] Alternatively, it is carried out by a method of 
mixing fine particles of the fluorescent or luminous sub- 
20 stance (fluorescent or luminous particles having a par- 
ticle size smaller than that of the base material) dis- 
persed in a solvent, and adhering them through hetero- 
coagulation. 

[0068] In the above two methods, the resulting pow- 
25 der is preferably subjected to heat treatment, if neces- 
sary. When the film material tends to thermally decom- 
pose, it is preferred to form the fluorescent or luminous 
layer as the outennost layer. 

[0069] (6) When the layer containing the fluorescent 

30 or luminous substance dispersed in the coating film 
which participates in the interference of light is fomned, 
one method comprises steps of mixing the fluorescent 
or luminous substance with a raw composition by dis- 
solution or dispersion and fomning a film using the re- 

35 suiting mixture. 

[0070] In order to incorporate the fluorescent or lumi- 
nous substance to the high refractive index layer or low 
refractive index layer for interference, fine particles of 
the fluorescent or luminous substance (fluorescent or 

40 luminous particles having a particle size smaller than 
that of the base material) is mixed in a solvent containing 
raw materials at film formation and then film formation 
is carried out to Incorporate the particles to one or more 
layers. In this case, it Is preferred to incorporate the par- 

45 tides to outer layers and to many layers as far as pos- 
sible. Furthemriore, it is possible to form the film after 
the fluorescent or luminous substance is adsorbed to 
the base particles through hetero-coagulation. 
[0071] Moreover, the alternative method for forming 

50 the layer containing the fluorescent or luminous sub- 
stance dispersed in the coating film which participates 
in the interference of light comprises steps of forming a 
multilayered film-coated powder, subjecting it to heat 
treatment, and immersing the multilayered film-coated 

55 powder in a solution of fluorescent or luminous sub- 
stance to achieve the impregnation. 
[0072] When the outermost layer Is subjected to heat 
treatment, the outennost layer is made porous by, for 
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example, adding an additive atfiinn formation or increas- 
ing the temperature or the heat-treating period of time, 
and the powder is formed by impregnating the voids with 
the fluorescent or luminous substance dispersed or dis- 
solved In a solvent. 

[0073] As an example, the method of forming an al- 
ternative muitilayered film of a metal oxide having high 
refractive index and a metal oxide having a low refrac- 
tive index which contains a fluorescent or luminous sub- 
stance is specifically explained. First, a titanium oxide 
film or a zirconium oxide film is formed as a high refrac- 
tive index film on the surface of base particles by dis- 
persing the base particles into an alcohol solution where 
an alkoxide of titanium, zirconium orthe lil<e is dissolved, 
and adding dropwise thereto a mixed solution of water, 
an alcohol, and catalyst under stirring to hydrolyze the 
above alkoxide. Thereafter, the powder is separated 
from the mixture, dried, and then subjected to heat treat- 
ment. The drying may be effected by any of vacuum heat 
drying, vacuum drying or air drying. It is also possible to 
use an apparatus, such as spray dryer in an inert atmos- 
phere with controlling the atmosphere. The heat treat- 
ment is carried out at 1 50 to 1 1 00**C (when the core par- 
ticle of the powder is an inorganic powder) or 150 to 
SOO^C (when the core particle of the powder is other 
than the inorganic powder) for 1 minute to 3 hours in air 
in a coating film composition which is not oxidized or in 
an inert atmosphere in a coating film composition which 
is susceptible to oxidation. Then, a film of silicon oxide 
or aluminum oxide is formed as a low refractive index 
film on the surface of the powder coated with the above 
high refractive index film, by dispersing the powder, on 
which the above high refractive index film has been 
fomried, into an alcohol solution in which a metal alkox- 
ide exhibiting a low refractive index when converted to 
oxide and a fluorescent or luminous substance are dis- 
solved, and adding dropwise a mixed solution of water, 
an alcohol and a catalyst under stirring to hydrolyze the 
above alkoxide. The high refractive index film or low re- 
fractive index film can be fomried in an aqueous solvent 
to which a buffer Is added, and the film formation can 
be candied out by decomposing and precipitating a raw 
material, for example, titanium sulfate, titanium chloride 
orthe like for the high refractive index film, and water 
glass, aluminum sulfate orthe like for the low refractive 
index tilm. Thereafter, the powder is separated from the 
mixture, dried under vacuum, and then subjected to heat 
treatment as described above. By this operation, a flu- 
orescent or luminous film-coated powder having two 
layers on the surface of the powder base particles is ob- 
tained, and by repeated operations of forming metal ox- 
ide films having a high refractive index, a fluorescent or 
luminous muitilayered film -coated powder having a mui- 
tilayered metal oxide film is obtained. 
[0074] Further more, a special function can be impart- 
ed by controlling the thickness of each layer of the al- 
ternative coating films differing in refractive index 
formed on the surface of the base powder particles. For 



example, on the surface of the base particles, alterna- 
tive coating films differing in refractive index, which each 
is made of a substance having a refractive index n and 
has a thickness d corresponding to m (integer) times the 

5 value which Is one-fourth a wavelength of visible light 
so as to satisfy the following equation (3), are formed in 
an appropriate thickness and number. As a result, the 
light having a specific wavelength X (the light utilizing 
Fresnel's interference reflection) is reflected or ab- 

10 sorbed. 

nd = mk/4 (3) 

IS [0075] This function is utilized as follows. Afilm having 
such a thickness and refractive index as to satisfy equa- 
tion (3) with respect to a target wavelength of visible light 
Is formed on the surface of base particles, and this film 
is coated with a film having a different refractive index. 

20 This procedure is conducted once or repeated one or 
more times to thereby form films which have a charac- 
teristic reflection or absorption wavelength width in the 
visible light region. In the above procedure, the order of 
material deposition for film fomiation is detennined in 

25 the following manner. When the base particles them- 
selves have a high refractive index, a tilm having a low 
refractive index is preferably formed as the first layer. In 
the reverse case, a film having a high refractive index is 
preferably formed as the first layer. 

30 [0076] Film thickness is controlled based on a meas- 
urement in which the change of optical tilm thickness, 
which Is the product of the refractive index of the film 
and the tilm thickness, is determined as a reflection 
wavefonn with a spectrophotometer or the like. The 

35 thickness of each layer is designed so that the reflection 
waveform conforms to the finally required wavefonn. 
For example, when the unit coating films constituting a 
muitilayered film have reflection waveform peaks at dif- 
ferent positions, the powder becomes white. In contrast, 

^0 when the unit coating films are regulated so that the re- 
flection waveform peaks thereof are in exactly the same 
position, a monochromatically colored powder, e.g., a 
blue, green, or yellow powder, can be obtained without 
using any dye or pigment. 

45 [0077] However, in an actual powder, a design should 
be made while taking account of the partk^le size and 
shape of the powder, the phase shift occurring at inter- 
faces between film materials and the core particle ma- 
terial, the peak shift attributable to the wavelength de- 

50 pendence of the refractive index, etc. For example, 
when the core particles have a plane parallel plate 
shape, the Fresnel's interference caused by parallel 
films formed on a plane surface of the particle is de- 
signed under the conditions that n In the above equation 

55 (3) has been replaced with N defined by the following 
equation (4). In particular, when a metal film is con- 
tained, extinction coefficient k is included in the refrac- 
tive index N of the metal defined by equation (4) even 



8 



BNSDOCID: <EP 1136743A1J_> 



EP1 138 743 A1 



16 



15 

though the particle shape is a plane parallel plate shape. 
In transparent oxides (dielectrics), k is exceedingly 
small and negligible. 

N = n + iK (I represents a complex number) (4) 

[0078] When the extinction coefficient k is large, an 
enhanced phase shift occurs at the interface between 
the film material and the core particle material, and this 
phase shift influences the optimum interference thick- 
ness of all layers of the multilayered film. 
Because of the above, the mere regulation of geomet- 
rical film thickness results in different peak positions and 
hence, in a lighter color especially at monochromatic 
coloring. In order to avoid this, a design is made before- 
hand through a computer simulation so as to result in 
an optimal combination of film thickness while taking ac- 
count of influences of the phase shift on all films. 
[0079] Also, there are the phase shift caused by an 
oxide layer present on a metal surface and the peak shift 
attributable to the wavelength dependence of refractive 
index. In order to correct these, it is necessary to use a 
spectrophotometer or the like to find optimal conditions 
under which reflection peaks or absorption bottoms ap- 
pear at target wavelengths in a final target number of 
films.:: 

[0080] In a film formed on a curved surface, such as 
a spherical powder or the like, interference occurs sim- 
ilarly to that on plane plates and is basically in accord- 
ance with Fresnel's interference principle. Consequent- 
ly, a coloring method can be designed so as to produce 
a monochromatic powder. However, in curved surfaces, 
the light which has struck on the powder and has been 
reflected causes complicated interference. The result- 
ing interference waveforms are almost the same as on 
plane plates when the number of films Is small. Howev- 
er, as the total number of films increases, the interfer- 
ence within the multilayered film becomes more compli- 
cated. In a multilayered film, also, a spectral reflection 
curve can be designed beforehand based on Fresnel's 
interference through a computer simulation so as to re- 
sult in an optimal combination of film thickness. In par- 
ticular, when coating films are formed on the surface of 
a base powder particle, the influences of a phase shift 
on the base powder particle surface and on all films are 
taken into account when a design is made beforehand 
through a computer simulation so as to result in an op- 
timal combination of film thickness. Furthermore, the 
peak shift caused by a coating layer present on the base 
powder particle surface and the peak shift attributable 
to the wavelength dependence of the refractive index 
are also'taken into account. In the actual production of 
a sample, designed spectral curves are referred to and, 
in order to correct these in actual films, it is necessary, 
by using a spectrophotometer or the like, while changing 
film thickness, to find optimal conditions under which re- 
flection peaks or absorption bottoms appear at target 



wavelengths in a final target number of films. Also, when 
a powder having irregular particle shapes is colored, in- 
terference occurs due to the multilayered film. A basic 
film design is hence made with reference to the condi- 

5 tions for an interference multilayered film of the spheri- 
cal particles. The peak position for each of the unit coat- 
ing films constituting the multilayered film can be regu- 
lated by changing the thickness of the layer, and the film 
thickness can be regulated by changing the solution 

10 composition, reaction time, and the number of starting- 
material addition times. Thereby, the powder can be 
colored in a desired tint. As described above, a mono- 
chromatic powder can be obtained by finding optimal 
conditions under which reflection peaks or absorption 

15 bottoms appear at target wavelengths in a final target 
number of films, while changing conditions for film for- 
mation, such as solutions for film formation and the like. 
Furthermore, by controlling a combination of materials 
for constituting a niuiti layered film and the thickness of 

20 each unit coating film, the color development by inter- 
ference in the multilayered film can be regulated. There- 
by, a powder can be colored in a desired vivid tint without 
using a dye or pigment. However, it is possible to fomn 
a coating layer or a colored layer with use of a coloring 

25 agent, if necessary. 

[0081] Specific examples of the above coloring agent 
to be used optionally are shown below, but the present 
invention is not limited to the examples. 
[0082] Specifically, examples of blue coloring agents 

30 include (organic dyes) phthalocyanine dyes, oil dyes, 
lake dyes, etc, (cyan dyes) phthalocyanine dyes, lake 
dyes, etc., (inorganic pigments) powder of metal oxides, 
such as titania, alumina, silica, zirconia, ceria, zinc ox- 
ide, etc., composite oxide pigments, such as cobalt alu- 

35 minate, etc., and the like. Examples of yellow coloring 
agents include (organic dyes) monoazo dyes, azome- 
thine dyes, oil dyes, lake dyes, etc., (pigments) benzl- 
dine-type yellow pigments, phorone yellow, acetoa- 
cetanilides, insoluble pigments, and the like. Examples 

40 of green coloring agents include (organic dyes) phthalo- 
cyanine-type green dyes, lake dyes, such as Malachite 
Green, oil dyes, etc., (organic pigments) naphthol-type 
green pigments, such as Pigment Green, green insolu- 
ble azo pigments, such as Green Gold, phthalocyanine 

45 green pigments, etc., (inorganic pigments) cobalt green 
(CoO-Zn-MgO), viridian, emerald green, chrome green, 
and the like. Examples of red coloring agents include 
(organic dyes) lake red dyes, oil red dyes, etc., (organic 
pigments) naphthol-type red insoluble azo pigments, 

so red insoluble azo pigments, red naphthol pigment, red 
lake pigments, etc., (inorganic pigments) red lead, cad- 
mium red, and the like. Examples of magenta coloring 
agents include (dyes) anthraquinone-type dyes, thioln- 
digo, oil-type magenta dyes, etc., (pigments) xanthene- 

55 type magenta dyes of phosphorustungsten-molybdate 
lake pigments, 2,9-dimethylquinacridone, naphthol in- 
soluble azo pigments, coloring materials comprising 
xanthene dyes and organic carboxylic acids, and the 
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like. Examples of cyan coloring agents Include (organic 
dyes) phthalocyanine dyes, oil dyes, lake dyes, etc., (or- 
ganic pigments) phthlocyanine pigments, lake pig- 
ments, (inorganic pigments) powder of metal oxides, 
such as titania, alumina, silica, zirconia, ceria, zinc ox- 5 
ide, etCy composite oxide pigments, such as cobalt alu- 
minate, etc., and the like. 

[0083] Furthermore, a toning agent can be used, if 
necessary. The toning agent fundamentally regulates 
the color, and Is used for matching color to a desired io 
color using at least two coloring agents. Specific exam- 
ples of the toning agent to be used are shown below. 
However, the present invention is not limited to the ex- 
amples, and it is possible to tone the color by adding 
other pigments and dyes, if necessary. 15 
[0084] Specif ically, examples of blue toning agents in- 
clude (organic dyes, pigments) lake dyes, such as alkali 
blue lake, peacock blue lake, etc., lake pigments, phth- 
locyanine-type pigments, such as metal-free phthlocy- 
anine, copper phthlocyanine, etc., and the like, (inorgan- 
ic pigments) oxide-sulfide composite pigments, such as 
ultramarine, etc., copper-type ultramarine-Prussian 
blue pigments, such as iron blue, Miiori blue, etc., cobalt 
oxide-type composite oxides blue pigments, such as co- 
balt blue, cerulean blue, etc., and the like. Examples of ^5 
yellow toning agents include (organic dyes) fast dyes, 
such asfastyellow, etc., and the like, (organic pigments) 
azo pigments, such as Hansa Yellow, naphthol yellow, 
pigment yellow, permanent yellow, etc., (inorganic pig- 
ments) chromates of lead, zinc, barium, etc. (chrome or- 30 
ange, chrome vermilion), sulfides, such as cadmium 
sulfide, etc., composite oxide-type pigments, such as ti- 
tan yellow, etc., and the like. Examples of green toning 
agents Include (organic dyes) lake dyes, such as mala- 
chite green lake, acid green lake, etc., and the like, (or- 35 
ganic pigments) nitroso pigments, such as pigment 
green, naphthol green, etc., azo pigments, such as 
green gold, etc., phthlocyanine-type pigments, such as 
phthlocyanine green, polychrome copper phthlocya- 
nine, etc., and the like, (inorganic pigments) chromium- 40 
type oxides and hydrated oxides, such as chrome 
green, zinc green, chromium oxide, hydrated chrome 
(viridlan), etc., copper-type oxides, such as emerald 
green, etc., cobalt-type oxides, such as cobalt green, 
etc., and the like. Examples of red toning agents include 
(organic dyes) lake dyes, such as eosin lake, rhodamine 
lake, eto-, quinacridone-type dye-pigments, such as 
Cinquasia Red, etc., (organic pigments) azo pigments, 
such as Pemnanent Red, Para Red, etc., fast pigments, 
such as Brilliant Fast Red, Fast Scarlet, etc., (inorganic so 
pigments) sulfide pigments, such as cadmium red, mer- 
cury red, etc., and the like. Examples of orange toning 
agents include (organic pigments) azo pigments, such 
as Pemnanent Orange, benzine orange, Hansa Yellow, 
etc., and the like, (inorganic pigments) oxides (chrome 55 
orange), such as lead chromate, etc., composites com- 
prising chromic acid and lead sulfate (chrome vermil- 
ion), and the like. Examples of purple toning agents in- 



clude (organic dyes) lake dyes, such as Methyl Violet 
Lake, etc., and the like, (organic pigments) azo pig- 
ments, such as Fast Violet, etc., and the like, (inorganic 
pigments) pigments of phosphates, such as cobalt 
phosphate, manganese phosphate, etc., composite ox- 
ides, such as cobalt-arsenic, and the like. 
[0085] Furthermore, a toning agent for enhancing 
brightness may be a white pigment (color-spreader), 
and examples thereof include oxides, such as titanium 
oxide, zinc oxide, tin oxide, silicon oxide, antimony ox- 
ide, lead oxide, etc., or composite oxides thereof, car- 
bonates, such as calcium carbonate, magnesium car- 
bonate, barium carbonate, etc., or sulfates, such as bar- 
ium sulfate, calcium sulfate, sulfides, such as zinc 
sulfide, or composite oxide and composite hydroxides 
obtainable by sintering the above oxides, carbonates 
and sulfates. 

[0086] With regard to the preparation of the fluores- 
cent or luminous composition of the present invention 
thus obtainable, the following will explain each of (1) a 
color ink or coating material-like composition (fluid) and 
(2) a color toner or color dry ink-like composition (pow- 
der). 

[0087] (1) As a medium (vehicle) for the color ink or 
coating material-like composition (fluid), a hitherto 
known varnish used for color printing, magnetic color 
printing or magnetic color coating material is usable in 
the present invention. For example, a liquid polymer, a 
polymer or monomer dissolved in an organic solvent, or 
the like can be suitably selected and used according to 
the kind of the powder the method of applying the ink, 
and the use thereof. 

[0088] Examples of the above liquid polymer include 
dienes, such as polypentadlene, polybutadiene, and the 
like, polyethylene glycols, polyamides, polypropylenes, 
waxes, copolymers and modified substances thereof, 
and the like. 

[0089] Examples of the polymer to be dissolved in an 
organic solvent include olefin polymers, acrylic resins, 
such as oligoester acrylates etc., polyesters, polya- 
mides, potyjsocyanates, amino resins, xylene resins, 
ketone resins, diene resins, rosin-modified phenolic res- 
ins, diene rubbers, chloroprene resins, waxes, modified 
substances and copolymers thereof, and the like. 
[0090] Examples of the monomer to be dissolved in 
an organic solvent include styrene, ethylene, butadiene, 
propylene, and the like. 

[0091] Examples of the solvent include alcoholic sol- 
vents, such as ethanot, isopropanol, n-propanot, and the 
like, ketone solvents, such as acetone, and the like, hy- 
drocarbons, such as benzene, toluene, xylene, kero- 
sine, benzine, and the like, and esters, ethers, or mod- 
ified substances and copolymers thereof, and the like. 
[0092] (2) With regard to a color toner, color dry ink, 
and color dry coating material-like composition (pow- 
der), a powdery fluorescent or luminous composition 
can be obtained by directly kneading the fluorescent or 
luminous multilayered film-coated powder with a resin 
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and, if necessary, a coloring agent, and then pulverizing 
the resulting nnixture. Alternatively, the multilayered film- 
coated powder can also be transformed into a powdery 
fluorescent or luminous composition by use of a polym- 
erization method, such as emulsion polymerization or 5 
suspension polymerization. 

[0093] In the powdery fluorescent or luminous com- 
position: 

(a) the resin to be used in the above pulverization 
method is not particularly limited but includes polya- 
mides. epoxy resins, polyesters, melamine resins, 
polyurethanes, vinyl acetate resins, silicon resins, 
polymers or copolymers of aery lb esters, meth- 
acrylic esters, styrene, ethylene, butadiene, propyl- 
ene, derivatives thereof, and the like; 

(b) in the polymerization method, polymerization is 
carried out starting with one or more of an ester, an 
urelhane, vinyl acetate, an organic silicon, acrylic 
acid, methacryiic acid, styrene, ethylene, butadi- 
ene, propylene, and the like to form a polymer or a 
copolymer thereof. 

[0094] As described above, the fluorescent or lumi- 
nous composition of the present invention is prepared 
in the forms of (1) a color ink or coating material-like 
composition (fluid) and (2) a color toner or color dry ink- 
like composition (powder). 

[0095] The fluid type includes a color ink, a coating 
material, and the like, which may contain components, 
such as an above-described coloring agent or toning 
agent, a solldificatlon-acceleratorfor a slowly drying res- 
in, a thickening agent for increasing viscosity, a fluidizing 
agent for reducing viscosity, a dispersant for dispersing 
particles, and the like. 

[0096] On the other hand, in the powder type: 

(a) when the powder is prepared by the pulverizing 
method, components, such as an above-described 
coloring agent or toning agent, a solidification-ac- 
celerator for a slowly drying resin, a fluidizing agent 
for reducing viscosity at kneading, a dispersant for 
dispersing particles, a charge regulator for fixing to 
paper, eta, a wax, and the like may be contained. 

(b) in the polymerization method, components, 
such as an above-described coloring agent or ton- 
ing agent, a polymerization initiator, a polymeriza- 
tion accelerator, a thickening agent for increasing 

■ viscosity, a dispersant for dispersing particles, a 
charge regulator for fixing to paper, efc, a wax, and 
the like may be contained. 

[0097] The multilayered film-coated powder in the flu- 
orescent or luminous composition of the present inven- 
tion can be applied not only to a wet or dry color printing 
or a wet or dry magnetic color printing with single powder 
or a combination of at least two powders having a dif- 
ferent spectral property, but also to other uses requiring 
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a security function, such as a magnetic color ink for 
counterfeit prevention of printed articles because the 
powder possesses combined discriminating functions 
with eight types, i.e., visible light, non-visible light (ultra- 
violet region and infrared region), fluorescence or lumi- 
nescence and magnetism, electricity (change of electric 
field), and electron beam and X-ray using powders of 
the three primary colors. 

[0098] The base material of the target printed article 
is any material which can be printed with an ink or the 
like, or can be filled or applied as a functional filler, with- 
out limitation. Examples thereof include papers, poly- 
mers, resins (for example, plastics eta), glasses, metals 
(for example, aluminum, etc.), fibers (for example: wo- 
ven fabrics, knitted fabrics, etc), leather (natural leath- 
er, synthetic leather, etc.), and the like. 
[0099] When the above-described fluorescent or lu- 
minous composition of the present invention is printed, 
melt-transcribed or applied on a base material or a body 
to be coated as a color ink or coating material compo- 
sition or a color toner, color dry ink or color dry coating 
material composition, the relationship between the con- 
tents of the fluorescent or luminous multilayered film- 
coated powder and the resin in the fluorescent or lumi- 
nous pigment or coating material composition is such 
that the ratio therebetween is 1 :0.5 to 1:15 by volume. 
When the content of the medium is too low, the film coat- 
ed does not tenaciously adhere to the body to be coated. 
When it is too high, the ink or coating material is unsat- 
isfactory since the pigment color is too light. The rela- 
tionship between the total amount of the pigment and 
the resin and the amount of the solvent in the color ink 
or coating material composition is such that the ratio 
therebetween is 1:0.5 to 1:10 by volume. When the 
amount of the solvent is too small, the coating material 
has too high a viscosity to be evenly applied. When the 
amount is too large, it takes much time to dry the coating 
film and coating efficiency extremely decreases. 
[0100] The color density of a coating film formed by 
printing or melt-transcribing the composition on a base 
material, applying the coating material to a body to be 
coated is determined by the amount of the pigment con- 
tained per unit area of the body to be coated. A satis- 
factory coating color Is obtained when the amount of the 
fluorescent or luminous multilayered film-coated pow- 
der of the present invention contained on the body to be 
coated is 5 to 300 g, preferably 10 to 150 g, in terms of 
areal density, per square meter after drying. When the 
areal density is below the above value, the color of the 
body to be coated is visible. The areal density exceeding 
the above value is uneconomical because the color den- 
sity of the coating does not change any more. Namely, 
even when the pigment is contained in a thickness larger 
than a given value on the body to be coated, light does 
not reach pigment located on the tower side of the coat- 
ing film. Forming a coating film in a thickness larger than 
such a value is uneconomical since It does not enhance 
the effect of coating because that thickness exceeds the 
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hiding powder of the coating material. However, this 
does not apply when the coating material is applied 
thickly while taking account of the decrease In coating 
film thickness caused by wearing. 
[0101] Furthermore, the fluorescent or luminous com- 
position of the present invention may be contained in a 
base material beforehand. The material of the target is 
not particularly limited but it is added at the production 
of shaped products of polymers, resins (for example, 
plastics etc), etc, glasses, metals (for example, alumi- 
num, etc.), fibers (for example, woven fabrics, knitted 
fabrics, etc.), leather (synthetic leather, etc.), and the 
like. 

[0102] Moreover, it is also possible to incorporate, into 
a base material, a desired shaped and sized article ob- 
tainable by printing or coating a granule or thin slip of a 
plastic, a metal, a ceramic or the like, with the colored 
magnetic powder particles. 

[01 03] The base material where the fluorescent or lu- 
minous composition of the present invention is adhered 
or contained as above can be used as a genuine/coun- 
terfeit discrimination object. Namely, by irradiating the 
object with a light (visible light, ultraviolet light, infrared 
light, etc.), the genuine/counterfeit of the object can be 
judged by obsen/ing fluorescence or luminescence. 
Moreover, the accuracy of the genuine/counterfeit can 
be enhanced by combining the discrimination with at 
least one selected from magnetism, electric field, elec- 
tron beam and X-ray 

[0104] The present invention will be explained in more 
detail by reference to Examples. However, the present 
Invention should not be construed as being limited to 
these Examples. 

Example 1 

[01 05] Embodiment in which a magnetic material was 
coated with a multilayered film and a fluorescent mate- 
rial was transfonned to a coating material by mixing and 
dispersing: 



First layer, Silica coating: 

[0106] Into an ethanol solution prepared beforehand 
by dissolving 3.5 g of silicon ethoxide in 1 58.6 g of eth- 
anol was dispersed 20 g of a carbonyl iron powder (av- 
erage particle size, 1.8 fim; magnetization at 10 kOe, 
203 emu/g) manufactured by BASF. Thereafter, a mixed 
solution of 8.0 g of ammonia water (29%) and 8.0 g of 
deionized water was added to the dispersion under stir- 
ring. Afterthe addition, the resulting mixture was reacted 
at ordinary temperature for 5 hours. After the reaction, 
washing under dilution with a sufficient amount of etha- 
nol, filtration and drying in a vacuum drier at 110*C for 
3 hours were conducted. After the drying, the product 
was subjected to heat treatment using a rotary tubular 
oven at 800**C for 30 nriinutes in a nitrogen atmosphere 
and then cooled to obtain a silica coated iron powder A^ . 



Second layer, Titania coating: 

[0107] In a separable flask, into an ethanol solution 
prepared beforehand by dissolving 4.6 g of titanium iso- 

5 propoxide in 198.3 g of ethanol was dispersed 20 g of 
the powder A^ Thereafter, a solution prepared before- 
hand by mixing 6.0 g of pure water with 47.9 g of ethanol 
was added dropwise to the dispersion under stirring 
over 1 hour. Afterthe addition, the resulting mixture was 

10 reacted at ordinary temperature for 4 hours. After the 
reaction, washing under dilution with a sufficient amount 
of ethanol, filtration and drying in a vacuum drier at 
1 1 0**C for 3 hours were conducted. After the drying, the 
product was further subjected to heat treatment using a 

15 rotary tubular oven at 650*C for 30 minutes in a nitrogen 
atmosphere and then cooled to obtain a silica-titania 
coated iron powder Ag. The resulting powder Ag had sat- 
isfactory dispersibility and was composed of independ- 
ent particles. The titania film of the powder Ag had a 

20 thickness of 55 nm. 

[01 08] The powder A2 had a spectral reflection curve 
having a peak wavelength of 463 nm and had a reflect- 
ance at the peak wavelength of 37%. It was vivid blue- 
green. 

25 [01 09] Furthemnore, the powder A2 had a magnetiza- 
tion of 176 emu/g at 10 kOe. 

Third layer, Silica coating: 

30 [0110] Into an ethanol solution prepared beforehand 
by dissolving 3.5 g of silicon ethoxide In 158.6 g of eth- 
anol was dispersed 20 g of the powder Ag. Thereafter, 
a mixed solution of 8.0 g of ammonia water (29%) and 
8.0 g of deionized water was added to the dispersion 
35 under stirring. After the addition, the resulting mixture 
was reacted at ordinary temperature for 5 hours. After 
the reaction, washing under dilution with a sufficient 
amount of ethanol, filtration and drying in a vacuum drier 
at 110**C for 3 hours were conducted. Afterthe drying, 
40 the product was subjected to heat treatment using a ro- 
tary tubular oven at 800*C for 30 minutes in a nitrogen 
atmosphere and then cooled to obtain a siltea-titania- 
silica coated iron powder A3. 

45 Fourth layer, Titania coating: 

[0111] In a separable flask, into an ethanol solution 
prepared beforehand by dissolving 4.6 g of titanium iso- 
propoxide in 1 98.3 g of ethanol was dispersed the pow- 
50 der A3. Thereafter, a solution prepared beforehand by 
mixing 6.0 g of pure water with 47.9 g of ethanol was 
added dropwise to the dispersion under stirring over 1 
hour. Afterthe addition, the resulting mixture was react- 
ed at ordinary temperature for 4 hours. After the reac- 
55 tion, washing under dilution with a sufficient amount of 
ethanol, filtration and drying in a vacuum drier at 110**C 
for 3 hours were conducted. Afterthe drying, the product 
was further subjected to heat treatment using a rotary 
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tubular oven at 650**C for 30 minutes in a nitrogen at- 
mosphere and then cooled to obtain a siHca-titania-sili- 
ca-titania coated iron powder A4. The resulting powder 
A4 had satisfactory dispersibility and was composed of 
independent particles. The titania film of the fourth layer 
of the powder A4 had a thickness of 56 nm. 
[0112] The powder A4 had a spectral reflection curve 
having a peak wavelength of 435 nm and had a reflect- 
ance at the peak wavelength of 46%. It showed vivid 
cyan color. 

[0113] Furthermore, the powder A4 had a magnetiza- 
tion of 132 emu/g at 10 kOe. 

Treatment for making the powder hydrophobic: 

[0114] Into an ethanoi solution prepared beforehand 
by dissolving 0.5 g of silicon ethoxide in 158.6 g of eth- 
ane! was dispersed 20 g of the powder A4. Thereafter, 
a mixed solution of 3.0 g of ammonia water (29%) and 
3.0 g of deionlzed water was added to the dispersion 
under stirring. After the addition, the resulting mixture 
was reacted at ordinary temperature for 1 hour After the 
reaction, washing under dilution with a sufficient amount 
of ethanoi, filtration and drying in a vacuum drier at 
110**C for 3 hours were conducted. After the drying, the 
product was cooled to obtain a hydrophobicity-en- 
hanced sllica-titania-silica-titania coated iron powder 

A5 

Preparation of fluorescent pigment composition, mixing 
and dispersing fluorescent material: 

[0115] Into an ethanoi solution prepared beforehand 
by dissolving. 2.5 g of an acrylic polymer (Trademark: 
Technovit, manufactured by Kulzer Co.) in 80 g of eth- 
anoi was dispersed 30 g of the resulting powder A5. 
Thereafter, 18 g of fine particles of copper-containing 
cadmium zinc sulfide (a fluorescent substance), 20 g of 
titanium oxide (a hydrophobicity-enhanced product 
treated with silicon: color-spreader), and 3.2 g of hydrox- 
ypropyl cellulose were added thereto and the mixture 
was subjected to dispersing treatment in a zirconia ball 
nriill for 8 hours to obtain a coating material dispersion 
AL^ of a fluorescent pigment composition. 

Application and spectral characteristics: 

[0116] The above coating material dispersion AL^ of 
the fluorescent pigment composition was applied to an 
art paper with a blade coater. The applied amount (after 
drying) of the fluorescent pigment composition was 59 
g/m2. 

[0117] The spectral reflectance curve of the applied 
paper 1 obtained after drying is shown in Fig. 1 . Further- 
more, the color of the applied paper 1 had a peak wave- 
length of 433 nm and a bright cyan color having a re- 
flectance of 65%. 

[01 1 8] Moreover the applied paper reflected a light of 



around 365 nm in the ultraviolet region with a reflectance 
of 67%. and also reflected a light of around 870 nm in 
the infrared region with a reflectance of 56%. Thus, the 
recognition and discrimination of both the lights permits 

5 the genuine/counterfeit discrimination with four types, i. 
e., magnetism, and visible light, ultraviolet light, and in- 
frared light. In addition, when the applied paper 1 was 
irradiated with an ultraviolet lamp, it emitted a pale blue 
fluorescence (Fig. 2). 

10 [0119] Furthermore, the applied paper 1 had a mag- 
netization of 3175 emu/m2 at 10 kOe. 

Comparative Example 1 

IS [0120] Embodiment in which a magnetic material was 
coated with a multilayered film and a fluorescent mate- 
rial was not mixed: 

[0121] The same operations as in Example 1 were 
carried out. However, fine particles of copper-containing 
20 cadmium zinc sulfide were not mixed to the dispersion 
at the preparation of the fluorescent pigment composi- 
tion. 

[01 22] The applied paper had a reflection peak at 433 
nm in the visible light region, at which the reflectance 
^5 was 65%. The emission of fluorescence was not ob- 
served even when the applied paper 2 was irradiated 
with an ultraviolet lamp in a dark place. 

Example 2 

30 

[01 23] Embodiment in which a magnetic material was 
coated with a multilayered film, a fluorescent material 
was mixed and dispersed, and the materials were pow- 
dered by spray drying: 

35 

First layer, Silica coating: 

[0124] Into an ethanoi solution prepared beforehand 
by dissolving 4.4 g of silicon ethoxide in 158.6 g of eth- 

40 anol was dispersed 20 g of a carbonyl iron powder (av- 
erage particle size, 1.8 )jjn; magnetization at 10 kOe, 
203 emu/g) manufactured by BASF. Thereafter, a mixed 
solution of 8.0 g of ammonia water (29%) and 8.0 g of 
deionized water was added to the dispersion under stir- 

45 ring. Afterthe addition, the resulting mixture was reacted 
at ordinary temperature for 5 hours. After the reaction, 
washing under dilution with a sufficient amount of etha- 
noi, filtration and drying in a vacuum drier at 110**C for 
3 hours were conducted- After the drying, the product 

so was subjected to heat treatment using a rotary tubular 
oven at 800*0 for 30 minutes in a nitrogen atmosphere 
and then cooled to obtain a silica coated iron powder . 

Second layer, Titania coating: 

55 

[0125] In a separable flask, into an ethanoi solution 
prepared beforehand by dissolving 4.6 g of titanium Iso- 
propoxide in 1 98.3 g of ethanoi was dispersed 20 g of 
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the powder Thereafter, a solution prepared before- 
hand by mixing 6.3 g of pure water with 47.9 g of ethanol 
was added dropwise to the dispersion under stirring 
over 1 hour. Afterthe addition, the resulting mixture was 
reacted at ordinary temperature for 4 hours. After the 
reaction, washing with a sufficient amount of ethanol, 
filtration and drying in a vacuum drier at 110**C for 3 
hours were conducted. After the drying, the product was 
further subjected to heat treatment using a rotary tubular 
oven at SSO'^C for 30 minutes in a nitrogen atmosphere 
and then cooled to obtain a silica-titania coated iron 
powder 62- The resulting powder Bg had satisfactory 
dispersibility and was composed of independent parti- 
cles. The titania film of the powder 63 had a thickness 
of 65 nm. 

[0126] The powder 83 had a spectral reflection curve 
having a peak wavelength of 573 nm and had a reflect- 
ance at the peak wavelength of 35%. It showed a vivid 
green color. 

[01 27] Furthermore, the powder 82 had a magnetiza- 
tion of 168 emu/g at 10 kOe. 

Third layer, Silica coating: 



of independent particles. The titania film of the fourth 
layer of the powder 84 had a thickness of 69 nm. 
[0131] The powder 84 had a spectral reflection curve 
having a peak wavelength of 567 nm and had a reflect- 
5 ance at the peak wavelength of 46%. It showed vivid 
yellow-green color. 

[0132] Furthermore, the powder B4 had a magnetiza- 
tion of 126 emu/g at 10 kOe. 

10 Treatment for making the powder hydrophobic: 

[0133] Into an ethanol solution prepared beforehand 
by dissolving 0.5 g of silicon ethoxide in 158.6 g of eth- 
anol was dispersed 20 g of the powder 84. Thereafter, 

15 a mixed solution of 3.0 g of ammonia water (29%) and 
3.0 g of delonized water was added to the dispersion 
under stirring. Afterthe addition, the resulting mixture 
was reacted at ordinary temperature for 1 hour. Afterthe 
reaction, washing under dilution with a sufficient amount 

20 of ethanol, filtration and drying in a vacuum drier at 
1 1 0**C for 3 hours were conducted. After the drying, the 
product was cooled to obtain a silica-titan ia-silica-titania 
coated iron powder 85 which was made hydrophobic. 



[0128] Into an ethanol solution prepared beforehand 25 
by dissolving 3.9 g of silicon ethoxide in 158.5 g of eth- 
anol was dispersed 20 g of the powder 82- Thereafter, 
a mixed solution of 8.0 g of ammonia water (29%) and 
8.0 g of deionized water was added to the dispersion 
under stirring. After the addition, the resulting mixture 30 
was reacted at ordinary temperature for 5 hours. After 
the reaction, washing under dilution with a sufficient 
amount of ethanol, filtration and drying in a vacuum drier 
at 110^*0 for 3 hours were conducted. After the drying, 
the product was subjected to heat treatment using a ro- 35 
tary tubular oven at 800*C for 30 minutes in a nitrogen 
atmosphere and then cooled to obtain a silica-titania- 
silica coated iron powder 83. 



Fourth layer, Titania coating: 



40 



[0129] In a separable flask, into an ethanol solution 
prepared beforehand by dissolving 4.6 g of titanium iso- 
propoxide in 198.3 g of ethanol was dispersed 20 g of 
the powder 83. Thereafter, a solution prepared before- ^5 
hand by mixing 6.0 g of pure water with 47.9 g of ethanol 
was added dropwise to the dispersion under stimng 
over 1 hour. 

[0130] Afterthe addition, the resulting mixture was re- 
acted at ordinary temperature for 4 hours. After the re- so 
action, washing under dilution with a sufficient amount 
of ethanol, filtration and drying in a vacuum drier at 
1 1 0®C for 3 hours were conducted. After the drying, the 
product was further subjected to heat treatment using a 
rotary tubular oven at 650**C for 30 minutes in a nitrogen 55 
atmosphere and then cooled to obtain a silica-titan ia- 
sllica-titania coated iron powder 84. The resulting pow- 
der 84 had satisfactory dispersibility and was composed 



Preparation of fluorescent pigment composition, mixing 
and dispersing fluorescent material: 

[0134] Into a cyclohexane solution prepared before- 
hand by dissolving 80 g of a styrene polymer and 5 g of 
an acrylic polymer (Trademark: Technovit, manufac- 
tured by Kulzer Co.) in 80 g of cyclohexane was dis- 
persed 30 g of the resulting powder 85. Thereafter, 10 
g of particles of Rhodamine 8 (a fluorescent substance), 
20 g of titanium oxide (a hydrophobicity-enhanced prod- 
uct: color-spreader), and 3.2 g of hydroxypropyl cellu- 
lose were added thereto and the mixture was subjected 
to dispersing treatment in a zirconia ball mill for 8 hours 
to obtain a coating material dispersion BL^ of a fluores- 
cent pigment composition. 

Making powder and Spectral characteristics: 

[0135] The above coating material dispersion BL^ of 
the fluorescent pigment composition was spray-dried at 
90*C in a nitrogen gas atmosphere to obtain a sphere 
powder, fluorescent pigment composition BP^. The 
sphere powder, fluorescent pigment composition BP^ 
had a reflection peak at 586 nm in the visible light region, 
and the reflectance is 63%. It showed a bright yellow 
color. 

[0136] In addition, when the sphere powder, fluores- 
cent pigment composition BP^ was packed into a quartz 
glass holder and irradiated with an ultraviolet lamp in a 
dark place, it emitted a pale orange fluorescence. 
[0137] Furthermore, the sphere powder, fluorescent 
pigment composition BP^ had a magnetization of 63 
emu/g at 10 kOe. 
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Example 3 

[01 38] Embodiment in which a magnetic material was 
coated with a multilayeredfilm and a luminous material 
was mixed and dispersed to fonn a coating material: 

Preparation of luminous pigment composition, Mixing 
and dispersing luminous material: 

[0139] Into an ethanol solution prepared beforehand 
by dissolving 2.5 g of an acrylic polymer (Trademark: 
Technovit, manufactured by Kulzer Co.) in 80 g of eth- 
anol was dispersed 30 g of the hydrophobicity-en- 
hanced silica-titania-sillca-titania iron powder A5 ob- 
tained in Example 1 . Thereafter, 1 8 g of fine particles of 
Eu, Dy-containing SrAl204 (a luminous substance), 20 
g of titanium oxide (a hydrophoblcity-enhanced product 
treated with silicon: color-spreader), and 3.2 g of hydrox- 
ypropyt cellulose were added thereto and the mixture 
was subjected to dispersing treatment in a zirconia ball 
mill for 8 hours to obtain a coating material dispersion 
AL^ of a luminous pigment composition. 

Making powder and spectral characteristics: 

[0140] The above coating material dispersion AL2 of 
the luminous pigment composition was applied to an art 
paper with a blade coater The applied amount (after 
drying) of the luminous pigment composition was 50 g/ 

m2. - 

[0141] The spectral reflectance curve of the applied 
paper.3 obtained after drying is shown in Fig. 3. Further- 
more, the color of the applied papers had a peak wave- 
length of 433 nm and was vivid cyan with a reflectance 
of 65%. 

[01 42] Moreover, the applied paper reflected a light of 
around 365 nm in the ultraviolet region with a reflectance 
of 67%, and also reflected a light of around 870 nm in 
the infrared region with a reflectance of 56%. Thus, the 
recognition and discrimination of both the lights permit 
the genuine/counterfeit discrimination with four types, i. 
e., magnetism, and visible light color, ultraviolet light, 
and infrared light. In addition, after the applied paper 3 
was Irradiated with an ultraviolet lamp for 1 hour, It emit- 
ted a pale yellow-green luminescence when the applied 
paper 3 was observed in a dark place. The emission 
strength of the applied paper 3 was determined after the 
light source of a spectrophotometer with integrating 
sphere (V-570 manufactured by JASCO Corporation), 
and a waveform shown in Fig. 4 was observed. Its color 
was blue-green. 

[0143] Furthennore, the applied paper 3 had a mag- 
netization of 2250 emu/m2 at 1 0 kOe. 

Comparative Example 2 

[01 44] Embodiment in which a magnetic material was 
coated with a muttilayeredfilm and a luminous material 



was not mixed: 

[0145] The same operations as in Example 3 were 
carried out. However fine particles of a luminous sub- 
stance, copper-containing cadmium zinc sulfide were 
5 not mixed to the dispersion at the preparation of the lu- 
minous pigment composition. 

[01 46] The applied paper had a reflection peak at 433 
nm in the visible light region, at which the reflectance 
was 65%. The emission of luminescence was not ob- 
10 served even when the applied paper 4 was irradiated 
with an ultraviolet lamp in a dark place. 

Example 4 

15 [01 47] Embodiment in which a magnetic material was 
coated with a multilayered film, a luminous material was 
mixed and dispersed and the materials were powdered 
by spray drying: 

20 Preparation of luminous pigment composition, Mixing 
and dispersing luminous material: 

[0148] Into a cyclohexane solution prepared before- 
hand by dissolving 30 g of a styrene polymer and 5 g of 

25 an acrylic polymer (Trademark: Technovit, manufac- 
tured by Kulzer Co.) in 80 g of cyclohexane was dis- 
persed 30 g of the hydrophobicity-enhanced silica-tita- 
nia-silica-titania iron powder B5 obtained in Example 2. 
Thereafter, 12 g of fine particles of Eu, Dy-containing 

30 SrAlgO^ (a luminous substance), 20 g of titanium oxide 
(a hydrophobicity-enhanced product: color-spreader), 
and 3.2 g of hydroxypropyl cellulose were added thereto 
and the mixture was subjected to dispersing treatment 
in a zirconia ball mill for 8 hours to obtain a coating ma- 

35 teriai dispersion BL^of a luminous pigment composition. 

Making powder and spectral characteristics: 

[0149] The above coating material dispersion BL2 of 
40 the luminous pigment composition was spray-dried at 
90**C in a nitrogen gas atmosphere to obtain a sphere 
powder, luminous pigment composition BP2. The 
sphere powder, luminous pigment composition BPg had 
a reflection peak at 438 nm in the visible light region, 
45 and the reflectance is 64%. It showed a bright cyan 
color. 

[0150] When the sphere powder, luminous pigment 
composition BP2 was packed into a quartz glass holder 
and irradiated with an ultraviolet lamp for 1 hour and the 

50 emission strength was determined after the light source 
of a spectrophotometer with integrating sphere (V-570 
manufactured by JASCO Corporation), an about 20% 
emission at around 520 nm was observed. And its color 
was blue-green. 

55 [0151] Furthermore, the sphere powder luminous 
pigment composition BPg had a magnetization of 59 
emu/g at 10 kOe. 
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Example 5 

Fluorescent multilayered film-coated powder: 

[0152] Embodiment in which a fluorescent material 
was contained in the titania coating of the second layer: 

First layer, Silica coating: 

[0153] Into 100 ml of ethanol was dispersed 10 g of a 
carbonyl iron powder (average particle size, 1.8 |a.m; 
nnagnetization at 10 kOe, 203 emu/g) manufactured by 
BASF and the temperature of the liquid was maintained 
at 55*C by heating the vessel with oil bath. Thereto were 
added 6 g of silicon ethoxide, 8.0 g of ammonia water 
(29%) and 8.0 g of water. The mixture was reacted for 
2 hours under stirring. After the reaction, washing under 
dilution with a sufficient amount of ethanol, filtration and 
drying In a vacuum drier at 1 1 0*C for 3 hours were con- 
ducted. After the drying, the product was subjected to 
heat treatment using a rotary tubular oven at 650* C for 
30 minutes to obtain a silica coated iron powder . The 
thickness of the resulting silica coated film was 98 nm, 
and the dispersion state was very satisfactory. 

Second layer, Titania coating: 

[0154] After the heating, 1 0 g of the resulting powder 
and 8 g of fine particles of copper-containing cadmi- 
um zinc sulfide which is a fluorescent substance (aver- 
age particle size 0.01 \im) were again dispersed into 200 
ml of ethanol. The vessel was heated with an oil bath to 
maintain the temperature of the liquid at 55®C. Thereto 
was added 4.7 g of titanium ethoxide, followed by stir- 
ring. A mixed solution of 30 ml of ethanol and 8.0 g of 
water was added dropwise thereto over 60 minutes, and 
the resulting mixture was reacted for 2 hours. The prod- 
uct was then vacuum-dried and subjected to heat treat- 
ment to obtain a silica-titania coated powder C2. The re- 
sulting powder Cg had satisfactory dispersibiiity and was 
composed of independent particles. The titania film of 
the powder C2 had a thickness of 77 nm. 
[0155] The powder Cg had a spectral reflection curve 
having a peak wavelength of 450 nm and had a reflect- 
ance at the peak wavelength of 35%. It showed vivid 
cyan color. 

[01 56] Furthermore, the powder C2 had a magnetiza- 
tion of 1 67 emu/g at 1 0 kOe. 

Third layer, Silica coating: 

[0157] Into 100 mi of ethanol was dispersed 10 g of 
the powder Cg. The vessel was heated with an oil bath 
to maintain the temperature of the liquid at 55*C. There- 
to were added 6 g of silicon ethoxide, 8 g of ammonia 
water (29%), and 8 g of water The mixture was reacted 
for 2 hours under stirring. After the reaction, washing 
under dilution with a sufficient amount of ethanol, filtra- 



tion and drying in a vacuum drier at 110**C for 3 hours 
were conducted. After the drying, the product was sub- 
jected to heat treatment using a rotary tubular oven at 
650^0 for 30 minutes to obtain a silica-titania-silica coat- 
5 ed powder C3. The film thickness of the third silica layer 
of the resulting powder C3 was 99 nm, and the disper- 
sion state was very satisfactory. 

Fourth layer, Titania coating: 

10 

[0158] After the heating, 10 g of the resulting powder 
C3 was again dispersed into 200 ml of ethanol. The ves- 
sel was heated with an oil bath to maintain the temper- 
ature of the liquid at 55*C. Thereto was added 5.3 g of 

^5 titanium ethoxide, followed by stirring. A mixed solution 
of 30 ml of ethanol of 8.0 g of water was added dropwise 
thereto over 60 minutes, and the mixture was reacted 
for 2 hours. The powder was then vacuum-dried and 
heated to obtain a sillca-titanla-siiica-tltania coated 

20 powder C4. The resulting powder C4 had satisfactory 
dispersibiiity and was composed of independent parti- 
cles. The titania film of the fourth layer of the powder C4 
had a thickness of 75 nm. 

[0159] The powder C4 had a reflection peak at 553 
25 nm and a reflectance of 47%. It showed vivid green 
color. 

[0160] The powder C4 had a magnetization of 146 
emu/g at 10 kOe. 

30 Preparation of a color ink composition and spectral 
characteristics: 

[0161] The resulting powder C4 was mixed in an 
amount of 65 parts with 35 parts of a polyester resin var- 
35 nish. The resulting composition was applied to a white 
paper with a blade coater. 

[01 62] The applied paper had a reflection peak at 553 
nm In the visible light region with a reflectance of 53%. 
When the paper was Irradiated with a fluorescent lamp, 
40 yellow fluorescence was emitted. 

Comparative Example 3 

Multilayered film-coated powder using a magnetic 
45 material: 

[0163] Embodiment In which a fluorescent material 
was not contained: 

[0164] The same operations as in Example 5 were 
50 carried out. However, fine particles of fluorescent cop- 
per-containing cadmium zinc sulfide were not dispersed 
and mixed into the reaction mixture at the titania coating 
of the second layer, 

[01 65] The applied paper had a reflection peak at 553 
55 nm in the visible light region, at which the reflectance 
was 53%. The emission of fluorescence was not ob- 
served even when the paper was irradiated with a fluo- 
rescent lamp. 
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Example 6 

Resin-containIng dry powdery fluorescent pigment 
composition: 

Embodiment for toner, etc.: 

[01 66] A 1 00 g portion of dry powder of the silica-tita- 
nia-silica-tltania coated iron powder C4 was surface- 
treated with a silane coupling agent, and then, 40 g of 
rutile-type titanium oxide (a surf ace- treated product with 
silane coupling agent, average particle size 0.2 |ijn) and 
110 g of styrene monomer were mixed thereto to form 
a homogeneous mixture. The mixture maintained at 
70*^0 beforehand was added to a solution obtained by 
dissolving 25 g of sodium n-dodecyl sulfate in distilled 
water, and the resulting mixture was emulsified with a 
high speed stirrer. Then, 10 g of 10% ammonium per- 
sulfate aqueous solution was added thereto and the 
mixture was reacted for 4 hours under slow stirring. 
[0167] After the completion of the reaction, the mix- 
ture was diluted with 2 liters of distilled water, decanta- 
tion and washing were repeated with adding distilled wa- 
ter for removing salts, and then filtered. The resulting 
cake was dried at 30**C for 8 hours in a vacuum dryer 
to obtain a dry powder D. 

[01 68] The powder D was composed of spherical par- 
ticles having a particle size of about 10 |xm, showed 
bright green color, and had reflection peak at 555 nm 
with reflectance of 53%. 

[01 69] The powder D had a magnetization of 58 emu/ 
g at 10 kOe. When the powder D was packed in a glass 
holder and irradiated with an ultraviolet lamp in a dark 
place, pale yellow light was emitted. 

Example 7 

Multilayered film-coated powder using a magnetic 
material: 

[0170] Embodiment in which a fluorescent material 
was impregnated: 

First layer, Silica coating: 

[0171] Into an ethanol solution prepared beforehand 
by dissolving 3.0 g of silicon ethoxide in 158.6 g of eth- 
anol was dispersed 20 g of a carbonyl iron powder (av- 
erage particle size, 1 .8 |im; magnetization at 1 0 kOe, 
203 emu/g) manufactured by BASF. Thereafter, a mixed 
solution of 8.0 g of ammonia water (29%) and 8.0 g of 
deionized water was added thereto under stirring. After 
the addition, the resulting mixture was reacted at ordi- 
nary temperature for 5 hours, and then washed with a 
sufficient amount of ethanol. After vacuum drying, the 
product was further subjected to heat treatment using a 
rotary tubular oven at 500°C for 30 minutes in a nitrogen 
atmosphere to obtain a silica coated powder E^. 



Second layer, Titania coating: 

[0172] Into an ethanol solution prepared beforehand 
by dissolving 3.0 g of titanium ethoxide in 1 98.3 g of eth- 

5 anol was dispersed 20 g of the powder E^. Thereafter, 
a mixed solution of 3.0 g of deionized water and 23.7 g 
of ethanol was added dropwise thereto under stirring 
over 1 hour. Afterthe addition, the resulting mixture was 
reacted at ordinary temperature for 5 hours, and then 

10 washed with a sufficient amount of ethanol. After vacu- 
um drying, the product was further subjected to heat 
treatment using a rotary tubular oven at 500**C for 30 
minutes in a nitrogen atmosphere to obtain a silica-tita- 
nia coated carbonyl iron powder E2. 

15 

Third layer, Silica coating: 

[0173] Into an ethanol solution prepared beforehand 
by dissolving 3.0 g of silicon ethoxide in 158.6 g of eth- 

20 anol was dispersed 20 g of the powder E2. Thereafter, 
a mixed solution of 8.0 g of ammonia water (29%) and 
8.0 g of deionized water was added thereto under stir- 
ring. Afterthe addition, the resulting mixture was reacted 
at ordinary temperature for 5 hours, and then washed 

25 with a sufficient amount of ethanol. After vacuum drying, 
the product was further subjected to heat treatment us- 
ing a rotary tubular oven at 500*C for 30 minutes in a 
nitrogen atmosphere to obtain a silica-titania-silica coat- 
ed Iron powder E3. 

30 

Fourth layer, Titania coating: . 

[0174] Into an ethanol solution prepared beforehand 
by dissolving 3.0 g of titanium ethoxide in 1 98.3 g of eth- 

35 anol was dispersed 20 g of the powder E3. Thereafter, 
a mixed solution of 3.0 g of deionized water and 23.7 g 
of ethanol was added dropwise thereto under stirring 
over 1 hour. Afterthe addition, the resulting mixture was 
reacted at ordinary temperature for 5 hours, and then 

40 washed with a sufficient amount of ethanol. After vacu- 
um drying, the product was further subjected to heat 
treatment using a rotary tubular oven at 500**C for 30 
minutes in a nitrogen atmosphere to obtain a silica-tita- 
nia-silica-titania coated iron powder E4. 

45 

Fifth layer, Silica coating: 

[0175] Into an ethanol solution prepared beforehand 
by dissolving 3.0 g of silicon ethoxide in 158.6 g of eth- 

so anol was dispersed 20 g of the powder E4. Thereafter, 
a mixed solution of 8.0 g of ammonia water (29%) and 
8.0 g of deionized water was added thereto under stir- 
ring. Afterthe addition, the resulting mixture was reacted 
at ordinary temperature for 5 hours, and then washed 

55 with a sufficient amount of ethanol. After vacuum drying, 
the product was further subjected to heat treatment us- 
ing a rotary tubular oven at 500**C for 30 minutes in a 
nitrogen atmosphere to obtain a sllica-titania-silica-tita- 
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nia-silica coated Iron powder Eg. 
Sixth layer Titan ia coating: 

[0176] Into an ethanol solution prepared beforehand 
by dissolving 3.0 g of titanium ethoxide In 198.3 g of eth- 
anol was dispersed 20 g of the powder Eg. Thereafter, 
a mixed solution of 3.0 g of deionlzed water and 23.7 g 
of ethanol was added dropwise thereto under stirring 
over 1 hour. Afterthe addition, the resulting mixture was 
reacted at ordinary temperature for 5 hours, and then 
washed with a sufficient amount of ethanol. After vacu- 
um drying, the product was further subjected to heat 
treatment using a rotary tubular oven at 500**C for 30 
minutes in a nitrogen atmosphere to obtain a silica-tita- 
nia-silica-titania-sllica-titania coated iron powder Eg. 
[01 77] The resulting powder Eg was immersed In a so- 
lution of a concentration of 0.5 g/1 00 g obtained by dis- 
solving International Orange, which is a fluorescent sub- 
stance, in ethyl acetate. After separation from the mix- 
ture, the solid mass was vacuum-dried to obtain a fluo- 
rescent material-impregnated silica-titan ia-siiica-trta- 
nia-silica-titania coated iron powder E7. 

Preparation of a color ink composition and spectral 

characteristics: 

[0178] With 10 g of a polyester resin varnish were 
mixed 2 g of the powder E7 and further 7 g of xylene as 
solvent to form an Ink. An A4 size art paper was uniform- 
ly coated with 5 g of the ink by means of a blade coater, 
and dried. 

[0179] The spectral reflectance curve of the coated 
paper 5 obtained after drying is shown in Fig. 5. Further- 
more, the color of the coated paper 5 had a peak wave- 
length of 460 nm and was vivid greenish blue having a 
reflectance of 43%. 

[01 80] Moreover, the coated paper reflected a light of 
around 31 5 nm in the ultraviolet region with a reflectance 
of 55%, and also reflected a light of around 1115 nm in 
the infrared region with a reflectance of 60%. Thus, the 
recognition and discrimination of both the lights permit 
the genulne/counterteit discrimination with four types, i. 
e., magnetism, and a visible light color, ultraviolet light, 
and Infrared light. In addition, when the coated paper 
was irradiated with a fluorescent lamp in a dark place, 
it emitted a pale orange light (Fig. 6). 

Example 8 

Multilayered film-coated powder using a magnetic 
material: 

[0181] Embodiment in which a layer of a fluorescent 
material alone was coated: 



First layer, Silica coating: 

[0182] Into an ethanol solution prepared beforehand 
by dissolving 3.5 g of silicon ethoxide in 158.6 g of eth- 
5 anol was dispersed 20 g of a carbonyl iron powder (av- 
erage particle size, 1.8 |j,m; magnetization at 10 kOe, 
203 emu/g) manufactured by BASF. Thereafter, a mixed 
solution of 8.0 g of ammonia water (29%) and 8.0 g of 
deionized water was added thereto under stirring. After 
10 the addition, the resulting mixture was reacted at ordi- 
nary temperature for 5 hours, and then washed with a 
sufficient amount of ethanol. After vacuum drying, the 
product was further subjected to heat treatment using a 
rotary tubular oven at 800*C for 30 minutes In a nitrogen 
15 atmosphere and cooled to obtain a silica coated iron 
powder F.,. 

Second layer, Zinc sulfide coating: 

[0183] In a separable flask, into an ethanol solution 
prepared beforehand by dissolving 5.6 g of zinc ethox- 
ide in 1 98.3 g of ethanol was dispersed 20 g of the pow- 
der F.|. Thereafter, hydrogen sulfide gas was bubbled 
therein at a rate of 100 ml/minute and further 55.9 g of 
3% cuprous sulfate ethanol solution was added drop- 
wise thereto under stin-ing over 1 hour. After the addi- 
tion, the resulting mixture was reacted at ordinary tem- 
perature for 4 hours, and then washed with a sufficient 
amount of ethanol. After vacuum drying, the product 
was further subjected to heat treatment using a rotary 
tubular oven at 800**C for 30 minutes in a nitrogen at- 
mosphere and cooled to obtain a silica-zinc sulfide coat- 
ed iron powder F2. The thickness of zinc sulfide was 55 
nm, and the powder Fg had reflection peak at 420 nm 
and showed blue color with reflectance of 30%. When 
the powder Fg was irradiated with a fluorescent light, a 
green fluorescent color was observed. 

Third layer, Silica coating: 

[0184] Into an ethanol solution prepared beforehand 
by dissolving 3.5 g of silicon ethoxide in 158.6 g of eth- 
anol was dispersed 20 g of the powder Fg. Thereafter, 
a mixed solution of 8.0 g of ammonia water (29%) and 
8.0 g of deionized water was added thereto under stir- 
ring. Afterthe addition, the resulting mixture was reacted 
at ordinary temperature for 5 hours, and then washed 
with a sufficient amount of ethanol. After vacuum drying, 
the product was further subjected to heat treatment us- 
ing a rotary tubular oven at 800'*C for 30 minutes in a 
nitrogen atmosphere and cooled to obtain a silica-zinc 
sulfide-silica coated iron powder F3. 

Fourth layer. Zinc sulfide coating: 

[0185] In a separable flask, into an ethanol solution 
prepared beforehand by dissolving 5.6 g of zinc ethox- 
ide in 1 98.3 g of ethanol was dispersed 20 g of the pow- 
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der F3. Thereafter, hydrogen sulfide gas was bubbled 
therein at a rate of 100 ml/minute and further 55.9 g of 
3% cuprous sulfate ethanol solution was added drop- 
wise thereto under stirring over 1 hour. After the addi- 
tion, the resulting mixture was reacted at ordinary tern- 5 
perature for 4 hours, and then washed with a sufficient 
amount of ethanol. After vacuum drying, the product 
was further subjected to heat treatment using a rotary 
tubular oven at 800**C for 30 minutes in a nitrogen at- 
mosphere and cooled to obtain a silica-zinc sulfide-sili- 10 
ca-zinc sulfide coated iron powder F4. The thickness of 
zinc sulfide of the fourth layer was 55 nm, and the pow- 
der F4 had reflection peak at 385 nm and showed purple 
color with reflectance of 41%. When the powder F4 was 
irradiated with a fluorescent light, a green fluorescent ^5 
color was observed, which was lighter than the light of 
the second layer. 

Example 9 

20 

Luminous multilayered film-coated powder: 

[0186] Embodiment in which a luminous material was 
contained in the titania coating of the second layer: 

25 

Coating of each layer 

[018^ Each layer was coated in a similar manner to 
Example 5 with the exception that 8 g of fine particles 
of the copper-containing cadmium zinc sulfide which is 30 
a fluorescent substance (average particle size 0.015 
[im) used at the second layer was replaced by 8 g of 
fine particles of copper-containing cadmium zinc sulfide 
which is a luminous substance (average particle size 
0.015 ^im). 55 
[0188] The film thickness of each layer, peak wave- 
length of spectral reflection curve, reflectance at peak 
wavelength, color, and magnetization at 10 kOe of the 
resulting luminous multilayered film-coated powder 
were the same as those of the fluorescent multilayered ^0 
film-coated powder of Example 5. 

Preparation of a color ink composition and spectral 

characteristics: 

45 

[0189] The resulting powder was mixed In an amount 
of 65. parts with 35 parts of a polyester resin varnish. 
The resulting liquid luminous pigment composition was 
applied to an A4-size art paper in an amount of 70 g/m^ 
with a blade coater and then dried to obtain an applied so 
paper 6 of the luminous pigment composition. 
[0190] The applied paper 6 had a color of a peak 
wavelength of 553 nm, which was bright blue-green with 
a reflectance of 53%. In addition, afterthe applied paper 
6 had been irradiated with an ultraviolet lamp for 1 hour, 55 
pale green luminescence was visually observed in a 
dark place. 

[0191] The applied paper 6 of the luminous pigment 



composition had a magnetization of 6643 emu/m^ at 1 0 
kOe. 

Comparative Example 4 

Multilayered film-coated powder using a magnetic 
material: 

[0192] Embodiment in which a luminous material was 
not contained: 

[0193] The same operations as in Example 9 were 
carried out. However, fine particles of the luminous cop- 
per-containing cadmium zinc sulfide were not mixed into 
the reaction mixture at the titania coating of the second 
layer. The applied paper had a reflection peak at 553 
nm, at which the reflectance was 53%. The emission of 
luminescence was not observed even when the paper 
was irradiated with a fluorescent lamp. 

Example 10 

Resin-containing dry powdery luminous pigment 
composition; the case for toner, etc.: 

[0194] A 100 g portion of dry powder of the silica-tita- 
nia-silica-titania coated iron powder C4 obtained in Ex- 
ample 5 was surface-treated with a silane coupling 
agent, and then, 40 g of rutile-type titanium oxide (a sur- 
face-treated product with a silane coupling agent, aver- 
age particle size 0.2 |im) and 11 0 g of styrene monomer 
were mixed thereto to form a homogeneous mixture. 
The mixture maintained at ZO^'C beforehand was added 
to a solution obtained by dissolving 25 g of sodium n- 
dodecyl sulfate in distilled water, and the resulting mix- 
ture was emulsified with a high-speed stirrer. Then, 10 
g of 10% ammonium persulfate aqueous solution was 
added thereto and the mixture was reacted for 4 hours 
under slow stirring. 

[0195] Afterthe completion of the reaction, the result- 
ing mixture was diluted with 2 liters of distilled water, 
decantation and washing were repeated with adding 
distilled water for removing salts. After filtration, the re- 
sulting cake was dried at 30**C for 8 hours in a vacuum 
dryer to obtain a dry powder G. 

[01 96] The powder G was composed of spherical par- 
ticles having a particle size of about 1 0 p.m, showed 
bright green color, and had a reflection peak at 555 nm 

with a reflectance of 53%. 

[01 97] The powder G had a magnetization of 52 emu/ 
9 at 10 kOe. Furthermore, afterthe luminous pigment 
composition had been irradiated with an ultraviolet lamp 
for 1 hour, the applied paper 7 emitted pale green lumi- 
nescence when it was obsen/ed in a dark place. When 
the powder G was packed in a glass holder and irradi- 
ated with an ultraviolet lamp in a dark place, pale green 
luminescence was observed. 
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Example 1 1 

Multilayered film-coated powder using a magnetic 
material: Embodiment in which a luminous material was 
impregnated: 

[0198] The silica-titania-silica-titania-silica-titania 
coated iron powder Eg obtained in Example 7 was im- 
mersed in an emulsion having a concentration of 5 g/ 
100 g obtained by dispersing and emulsifying, in water, 
fine particles (0.01 ^im) of copper-containing cadmium 
zinc sulfide which is a fluorescent substance. After sep- 
aration from the mixture, the solid mass was vacuum- 
dried to obtain a luminous material-impregnated silica- 
tftania-silica-tltania-silica-titania-silica coated Iron pow- 
der H, 

Preparation of a color ink composition and spectral 
characteristics: 

[0199] With 10 g of a polyester resin varnish were 
mixed 2 g of the powder H and further 7 g of xylene as 
solvent to form an ink. The ink having this composition 
was applied to an A4 size art paper uniformly in an 
amount of 68 g/m^ by a blade coater, and dried. 
[0200] The spectral reflectance curve of the applied 
papers obtained after drying Is shown in Fig. 7. Further- 
more, the applied paper 8 had a peak wavelength of 460 
nm and showed a vivid cyan color with a reflectance of 
64%. 

[0201] The luminous pigment composition-applied 
paper 8 had a magnetization of 2695 emu/m^ at 1 0 kOe. 
[0202] Moreover, the applied paper reflected a light of 
around 324 nm in the ultraviolet region with a reflectance 
of 55%, and also reflected a light of around 920 nm In 
the infrared region with a reflectance of 53%. 
[0203] In addition, after the applied paper 8 was irra- 
diated with an ultraviolet lamp for 1 hour, the applied 
paper 8 emitted a pale yellow-green luminescence 
when it was observed in a dark place. When the emis- 
sion strength of the applied paper 8 was detemnined af- 
ter the light source of a spectrophotometer with integrat- 
ing sphere (V-570 manufactured by JASCO Corpora- 
tion) had been turned off, a waveform shown in Fig. 8 
was observed. And its color was blue-green. 
[0204] The discrimination can be effected by six 
types, i.e., these reflection of ultraviolet light, reflection 
of infrared light, real color in the visible light region, lu- 
minescence in the dark, and magnetism, as well as the 
electric field responsibility of the base particle as an 
electric conductor. 

Example 12 

Luminous multilayered film-coated powder using a 
magnetic material: 

[0205] Embodiment in which a layer of a luminous ma- 



terial, SrAl204:Eu alone was coated: 

First layer Silica coating: 

5 [0206] A silica coated iron powder 1^ was obtained in 
a similar mannerto Example 8. 

Second layer, Eu-containing strontium aluminate 
coating: 

10 

[0207] In a separable flask, with an ethanol solution 
prepared beforehand by dissolving 5.8 g of aluminum 
ethoxide, 4.5 g of strontium ethoxide, and 0.8 g of euro- 
pium ethoxide in 1 98.3 g of ethanol was mixed 20 g of 

15 the powder 1^ and the mixture was thoroughly homoge- 
nized. Thereafter, a solution prepared by mixing 5.3 g 
of distilled water in 55.9 g of ethanol was added drop- 
wise thereto under stirring over 1 hour. After the addi- 
tion, the resulting mixture was reacted at ordinary tem- 

20 perature for 6 hours, and then washed with a sufficient 
amount of ethanol. After vacuum drying, the product 
was further subjected to heat treatment using a rotary 
tubular oven at 1000**C for 30 minutes in a nitrogen at- 
mosphere and rapidly cooled to obtain a silica-Eu-con- 

25 taining strontium aluminate coated iron powder I2. The 
thickness of the Eu-containing strontium aluminate film 
was 60 nm, and the powder Ig had reflection peak at 500 
nm and showed green color with reflectance of 28%. Af- 
ter the powder I2 had been irradiated with a fluorescent 

30 lightfor2 hours, a blue luminescence was emitted when 
the powder 11 was observed in a dark box. 

Third layer, Silica coating: 

[0208] Into an ethanol solution prepared beforehand 
by dissolving 4.0 g of silicon ethoxide in 158.6 g of eth- 
anol was dispersed 1 6 g of the powder I2. Thereafter, a 
mixed solution of 8.5 g of ammonia water (29%) and 8.5 
g of deionized water was added thereto under stirring. 
After the addition, the resulting mixture was reacted at 
ordinary temperature for 5 hours, and then washed with 
asufficient amount of ethanol. Aftervacuum drying, the 
product was further subjected to heat treatment using a 
rotary tubular oven at 800**C for 30 minutes in a nitrogen 
atmosphere and cooled to obtain a silica-Eu-containing 
strontium aluminate-silica coated iron powder I3. 

Fourth layer, Eu-containing strontium aluminate 
coating: 

[0209] In a separable flask, with an ethanol solution 
prepared beforehand by dissolving 5.8 g of aluminum 
ethoxide, 4.5 g of strontium ethoxide, and 0.8 g of euro- 
pium ethoxide in 1 98.3 g of ethanol was mixed 1 6 g of 
the powder I3 and the mixture was thoroughly homoge- 
nized. Thereafter, a solution prepared by mixing 5.3 g 
of distilled water in 55.9 g of ethanol was added drop- 
wise thereto under stin-ing over 1 hour. After the addi- 
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tlon, the resulting mixture was reacted at ordinary tem- 
perature for 6 hours, and then washed with a sufficient 
amount of ethanol. After vacuum drying, the product 
was further subjected to heat treatment using a rotary 
tubular oven at 1000*^0 for 30 minutes in a nitrogen at- 
mosphere and rapidly cooled to obtain a si I ica-Eu -con- 
taining strontium aluminate-silica-Eu-containing stron- 
tium aluminate coated iron powder I4. 
[0210] The thicl<ness of the Eu-containing strontium 
aluminate film of the fourth layer of the powder I4 was 
60 nm, and the powder 14 had reflection peal< at 480 nm 
and showed green color with reflectance of 38%. After 
the powder I4 had been irradiated with afluorescent light 
for 2 hours, a blue luminescence was observed when 
the powder was placed in a dark box, the luminescence 
being lighter than that of the above two-layer coated 
powder I2. 

INDUSTRIAL APPLICABILITY 

[0211] As explained in the above, the fluorescent or 
luminous composition of the present invention has both 
of color and fluorescence or luminescence, and is usa- 
ble as an ink, a filler, and a coating material for color 
printing or coating having a monochromatic beautiful 
and stable color tone, such as, blue, green, yellow, or 
the like. Furthermore, since it has an interference reflec- 
tion peak outside the visible light region besides the vis- 
ible light region, counterfeit prevention with high accu- 
racy is possible through the detection of reflected light 
by (the irradiation with) ultraviolet light or Infrared light 
and also through the discrimination of printed articles by 
(the detection of) the presence of fluorescence or lumi- 
nescence which allows the genuine/counterfeit discrim- 
ination without using a special reading instrument. 
[0212] Along with these excellent functions, when a 
magnetic material is used as the base material, the com- 
position is also usable as a color material of the ink for 
high performance magnetic color printing, and has an 
extremely high practical use because of its capability of 
enhancing counterfeit-preventive effect of printed arti- 
cles since it possesses combined discriminating func- 
tions with eight types, i.e., visible light, non-visible light 
(ultraviolet region and infrared region), luminescence 
and magnetism, electricity (change of electric field), 
electron beam and further X-ray. 



stance. 

3. The fluorescent or luminous composition according 
to claim 1 , wherein the multilayered film shows a 

5 light interference action. 

4. The fluorescent or luminous composition according 
to claim 1, wherein the multilayered film shows a 
specific interference reflection peak or interference 

10 transmission bottom in a region besides the visible 
light region. 

5. The fluorescent or luminous composition according 
to claim 1 , wherein the base particle is a magnetic 

15 particle. 

6. The fluorescent or luminous composition according 
to claim 1 , which further contains a coloring agent. 

20 7, A genuine/counterfeit discrimination object, in 
which the fluorescent or luminous composition ac- 
cording to any one of claims 1 to 6 is adhered or 
contained. 

25 8. A genuine/counterfeit discrimination method, com- 
prising recognizing fluorescence or luminescence 
by irradiating, with a light, the genuine/counterfeit 
discrimination object according to claim 7. 

9. The genuine/counterfeit discrimination method ac- 
cording to claim 8, wherein said method is com- 
bined with discrimination with at least one selected 
from magnetism, an electric field and an electron 
beam. 

10. Use of the fluorescent or luminous composition ac- 
cording to any one of claims 1 to 6 for genuine/coun- 
terfeit discrimination. 
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Claims 

50 

1 . A fluorescent or luminous composition, comprising 
a multilayered film-coated powder having at least 
two coating films on a base particle, and a fluores- 
cent or luminous substance. 

55 

2. The fluorescent or luminous composition according 
to claim 1 , wherein at least one layer of the coating 

' films contains the fluorescent or luminous sub- 
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